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ABSTRACT
My dissertation examines the unintended consequences of tobacco control policies on adolescent
health behaviors and outcomes. The first essay examines the effects of cigarette taxes on teenagers’
physical activity. Smoking and physical activity are both strategies for weight management, and
exercise may be a way to reduce some of the ill effects of smoking. These different links suggest
that cigarette taxes could either increase or decrease physical activity. We explore this relationship
using repeated cross-sectional 1991-2017 data from the national and state Youth Risk Behavior
Surveillance System (YRBS), combined with state-level policies and controls. Our smoking par-
ticipation results confirm past work; cigarette taxes have a negative effect on smoking that has
waned in recent years. The estimated effects of cigarette taxes on physical activity echo those of
smoking; cigarette taxes decrease physical activity and, like smoking, these effects have waned
recently. However, one likely avenue - sports participation - is unaffected. These results suggest
that increased cigarette taxes lead to modest declines in teen physical activity, a finding consistent
with youth using exercise to compensate for the health effects of smoking.
My second essay continues to focus on the unintended effects of a cigarette tax policy.
Specifically, we investigate the effect of taxes on Extreme Weight Control Behaviors (EWCBs)
which include using diet pills, purging (vomiting or using laxatives) and fasting to lose weight.
EWCBs are prevalent among teenagers, have potentially serious health consequences and are pre-
cursors to eating disorders. Yet, EWCBs are largely unexplored in health economics and few
policy initiatives address them. The link between smoking and body weight, as well as evidence
that teenagers smoke to manage weight, suggests that cigarette taxes are a possible policy lever
for understanding EWCBs. A theoretical framework models the choice to engage in EWCBs and
identifies expected effects of cigarette taxes. Using the YRBS and controlling for state-level char-
acteristics, we estimate models of smoking and EWCBs. Results suggest that cigarette taxes reduce
smoking, including for those trying to lose/maintain weight and especially among girls. Cigarette
taxes increase the incidence and number of EWCBs, again especially for girls. Our finding that
EWCBs respond to any policy lever thus underscores and informs the need to prioritize EWCBs
x
on public policy agendas to curb such behaviors in adolescents.
In my third essay, I set out to explore the spillover effects of a more recent policy. Specif-
ically, I examine the mental health effects of a ban on electronic cigarette sales to minors. While
depression and suicide rates have been on the rise in the United States, so has the use of e-cigarettes,
commonly known as vaping. E-cigarettes are considered to be safer than traditional cigarettes, yet
there is growing evidence that nicotine and other toxins contained in e-cigarettes may have ad-
verse psychological effects on teenagers. For instance, e-cigarette use has been associated with
mental health problems in adolescents such as symptoms of depression and suicidal tendencies.
This evidence suggests that vaping could contribute to deteriorating mental health of teenagers.
In contrast, the antidepressant and mood modulating properties of nicotine could cause teens with
underlying conditions to turn to vaping as a way to self-medicate. Existing studies find evidence
of a strong negative correlation between vaping and adolescent mental health; none examine if the
relationship is causal. This study exploits exogenous changes in state policies restricting youth ac-
cess to e-cigarettes and a difference-in-differences methodology to identify changes in e-cigarette
use and mental health outcomes of teens. Using data from the 2005-2017 YRBS, results suggest
that MLSA laws reduce vaping but worsen the mental well-being of adolescents. The findings are
primarily consistent with the self-medication hypothesis.
Taken together this research provides considerable evidence of undesirable consequences
of tobacco regulations on teen health outcomes that are closely related to tobacco use. Findings
from this research warrant the need for tobacco control policies to be accompanied by others de-
signed to combat such negative spillover effects.
xi
INTRODUCTION
State policies targeted towards improving the health of teenagers often address specific behaviors,
for example, tobacco policies target youth tobacco use. The fact that adolescent health behaviors
maybe interconnected creates pathways for these policies to have unintended consequences in
other areas that might adversely affect adolescent health. However, the association between state
policies and related health behaviors in teenagers hasn’t been explored much in the economic
literature. My dissertation aims to contribute to the existing research by providing evidence on
the effect of tobacco control policies on other related outcomes in teenagers - particularly physical
activity, weight loss and mental health, all of which may be intricately linked with tobacco use.
Chapter 1 of my dissertation coauthored with Karen Conway is the first economic anal-
ysis to examine how tobacco control policies such as cigarette taxes affect physical activity be-
haviors in adolescents. Substantial evidence from past economic research suggests that cigarette
taxes reduce youth smoking though the effects may have faded in recent years. However, little is
known about the spillover effects that these policies might have on other health behaviors such as
physical activity. Both smoking and exercise behaviors are habitual and likely formed during ado-
lescence, making this age group of particular interest. Moreover, the health benefits to teenagers
of physical activity are numerous and well established in the medical literature. The potential for
anti-tobacco policies to have spillover effects on teen physical activity behavior may therefore have
important implications for the effectiveness of these policies in improving their overall health. Our
conceptual framework builds on Conway and Niles (2017) which reveals theoretically ambiguous
spillover effects of tobacco control policies on adult exercise behavior due to the multiple links
between smoking and physical activity. A tax-induced reduction in smoking, for example, may
increases one’s ability to exercise making exercising more desirable than before. Likewise, exer-
cise and smoking may both be considered strategies for weight management, such that increased
exercise could be used as a preventive measure against the weight gain associated with smoking
cessation and reduction. On the other hand, if teen smokers believe that physical activity can help
reduce some of the ill effects of smoking, then they may use physical activity as a way to com-
1
pensate for the harms caused by smoking. Finally, an increase in the cost of cigarettes could have
income effects as well.
Our empirical analysis uses repeated cross-sectional data from the 1991 to 2017 Youth
Risk Behavior Survey (YRBS), combined with state-level policies and controls. Consistent with
past work, we find a strong negative effect of cigarette taxes on smoking participation in teens
which has waned in recent years as found by Hansen et al. (2017). Our results for physical activity
mirror those of smoking; cigarette taxes have a modest negative effect on teen physical activity
that has also waned in recent years. This negative spillover effect is consistent with teens using
physical activity to compensate for the harmful effects of smoking, although income effects could
also be at work.
Chapter 2, is a collaboration with Karen Conway and Robert Mohr that investigates the
effect of cigarette taxes on extreme weight control behaviors (EWCBs). While the use of healthy
practices such as exercise and healthy eating are more common among teens trying to lose or main-
tain weight, available evidence suggests that a surprisingly large number of teenagers also report
utilizing extreme weight control behaviors such as fasting, purging or using diet pills. Despite their
prevalence and potential life-threatening consequences, few government or public health interven-
tions target EWCBs. Since smoking is another risky behavior used by teens to lose weight and that
reduced smoking may lead to weight gain, tobacco policies, particularly cigarette taxes, may be
one of the few policy levers available to address EWCBs. There is evidence from economic studies
that smoking for weight loss is a popular practice among teenagers (Rees and Sabia, 2010; Cawley
et al., 2016) and public health research shows that teenagers who engage in EWCBs are much
more likely to smoke. If teens use cigarette smoking to lose weight, instead of or in combination
with EWCBs, or if reduced smoking leads to unintentional weight gain among teens, higher taxes
could have spillover effects to EWCBs. We develop a theoretical model in the spirit of Cawley
et al. (2016)’s derived demand framework of smoking that introduces different types of EWCBs
and smoking into an adolescent’s utility-maximization problem where one of the desired outcomes
is weight management. Some EWCBs such as diet pills being appetite suppressants are substitutes
to smoking whereas others such as fasting are complemented by smoking. Most EWCBs have a
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negligible monetary price, which suggests a possibility of switching to EWCBs if cigarettes be-
come too expensive. Our model outlines these and other mechanisms for cigarette taxes to affect
EWCBs. Overall, our model highlights theoretically ambiguous spillover effects on EWCBs and
suggests that specific EWCBs, such as fasting or diet pills, may be affected differently.
Using repeated cross-sectional data from the 1999-2013 YRBS, the only years EWCBs
are consistently measured, our econometric analyses suggest that higher cigarette taxes reduce teen
smoking, especially for girls and younger teens. Across both intensive (participation) and exten-
sive margins (number of methods used) as well as each individual method, we find that cigarette
taxes tend to increase EWCBs. Girls and those teens aged 15-16 are most strongly affected, both
groups who according to our analyses are at high risk of EWCBs and likely to reduce smoking
in response to cigarette taxes. Our results therefore suggest that tobacco policies could have un-
intended, negative consequences on adolescent health via EWCBs. Specifically, our main results
indicate that a $1 increase in the cigarette tax is estimated to increase EWCB participation by 1.1
percentage points which is substantial given a sample prevalence of 15.5%.
In Chapter 3, I explore the effect of a ban on the sale of e-cigarettes to minors on the
mental health of teenagers. Depression and suicidal behaviors have increased significantly among
U.S. adolescents over the last decade, which also coincides with the remarkable rise in teen e-
cigarette use (”vaping”). Existing studies find a strong negative correlation between e-cigarette use
and mental health in teenagers but none explore if the relationship is causal. Potential confound-
ing factors may be driving both experimentation with e-cigarettes and mental health problems in
teenagers. Furthermore, the relationship is a two-way street. Evidence that nicotine may confer
instant mental health benefits such as alleviating stress, anxiety, or depression could cause teens
with underlying conditions to turn to e-cigarettes as means of “self medication”. My study exploits
across and within state changes in e-cigarette Minimum Legal Sale Age (MLSA) laws over time
to identify exogenous changes in e-cigarette use and mental health. Past economic research has
only focused on the spillover effects of the MLSA policy on other addictive substances, specif-
ically, combustible cigarettes, alcohol and marijuana (e.g., Friedman, 2015; Pesko et al., 2016;
Abouk and Adams, 2017; Dave et al., 2019). This research contributes to the growing literature on
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e-cigarette regulations by providing the first evidence on potential spillover effects of the MLSA
policy on mental health of teenagers.
Empirical analyses using repeated cross-section data from the 2005-2017 YRBS suggests
considerable evidence of an overall worsening effect of the MLSA policy on youth mental health.
For instance, between 2015-2017, MLSA laws are associated with a 3.0 and 1.8 percentage point
increase in depression and suicidal attempts, respectively. These are meaningful increases rela-
tive to the overall sample averages of 29% and 8.4%, respectively. These findings are primarily
consistent with the “self-medication” hypothesis though a couple of other avenues such as effects
of nicotine withdrawal and habit formation may explain them. Besides finding effects on mental
health, my analysis also verifies first stage effects of the policy on e-cigarette use over this time
period.
In sum, my research identifies previously unexplored negative effects of two specific regu-
lations, cigarette taxes and e-cigarette MLSA laws on adolescent health. Cigarette taxes are found
to affect physical inactivity and eating disorder symptoms such as EWCBs and MLSA laws are
associated with worsening mental health of teens. These undesirable impacts may be as dangerous
for teens as tobacco use. A knowledge of unintended effects of tobacco regulations is thus crucial
to accurately assess their overall public health implications. By identifying these spillover effects,
my research attempts to better inform future policy decisions on tobacco control that strive towards
improving the overall health of teens.
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CHAPTER 1
THE EFFECT OF TOBACCO POLICY ON YOUTH PHYSICAL
ACTIVITY
by
Rebecca Sen Choudhury & Karen Smith Conway
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1.1 Introduction
One goal of tobacco control policies such as cigarette taxes is to improve the health of teenagers
by affecting their smoking behavior. Past research suggests that taxes and other tobacco policies
have been effective in reducing youth smoking (e.g., Gruber and Zinman, 2001; Powell et al.,
2005; Tauras et al., 2005; Carpenter and Cook, 2008; Tworek et al., 2010; Nonnemaker and Far-
relly, 2011; Lillard et al., 2013; Hawkins et al., 2016). However, research into the unintended
effects that these policies have on other behaviors in teenagers is limited. Research into spillover
effects of tobacco policies primarily focuses on obesity (e.g., Chou et al., 2004; Courtemanche,
2009; Mellor, 2011), and studies that consider the effects on physical activity are limited to adults
(Courtemanche, 2009; Wehby and Courtemanche, 2012; Conway and Niles, 2017). To our knowl-
edge, our study is the first to investigate how tobacco control policies, especially cigarette taxes,
affect physical activity and associated behaviors in adolescents.
The benefits of physical activity to the overall health of teenagers are numerous and well
established (e.g., Sothern et al., 1999; Hallal et al., 2006; Janssen and LeBlanc, 2010), although
most teens fail to get the recommended amount of exercise. The 2008 US Physical Activity Guide-
lines (US DHHS 2008) recommends that children and adolescents aged 6 to 17 get at least 60
minutes of physical activity per day. This report lists health benefits such as improved cardiorespi-
ratory, muscular fitness, bone health and body composition, and reduced symptoms of anxiety and
depression. Yet, the Centers For Disease Control and Prevention (CDC) reports that only 27.1%
of high school students meet those recommendations1. To the extent that smoking and exercise
have habit-forming tendencies (Chaloupka, 1991; Aarts et al., 1997), the choices made as a youth
likely carry over well into adulthood. Smoking, in particular, is a habit typically initiated during
adolescence (e.g., DeCicca et al., 2002). Evidence, including animal studies (Acosta et al., 2015),
suggests that physical activity in childhood is likewise strongly predictive of subsequent physical
activity and overall health as an adult (e.g. Curtis et al., 1999; Yang et al., 1999; Perkins et al.,
2004; Telama et al., 2005; Dohle and Wansink, 2013). Adolescence presents unique opportuni-
ties for physical activities, through physical education classes and sports team membership for
1https://www.cdc.gov/healthyschools/physicalactivity/facts.htm accessed 9/5/2019
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example, which could in turn shape exercise and recreational habits as an adult. The relationship
between teen smoking and physical activity and the effects that anti-tobacco policies have on both
behaviors therefore has potentially long-run implications.
As revealed by the theoretical framework of Conway and Niles (2017), the spillover ef-
fects of cigarette taxes on the exercise behavior of adults are theoretically ambiguous. A tax-
induced reduction in smoking, for example, may increase one’s capacity for and enjoyment from
exercise; any weight gain that results could provide an additional motive to increase exercise.
Conversely, if smokers are using physical activity to compensate for the harms caused by smoking
(Xu, 2002; Radtke et al., 2011), they may exercise less if cigarette taxes cause them to smoke less.
Cigarette taxes could also have income effects on exercise, even if smoking behavior is not af-
fected. Because teens have less disposable income, the income effects could be especially strong.
We use this framework, noting that adolescents differ from adults in that they 1) may be required
to take physical education classes (i.e., not all physical activity is a choice), and 2) have greater
ability to join a sports team, which is an avenue for physical activity but also contains other benefits
and costs such as social interaction and fixed time commitments.
Past empirical findings for adults are decidedly mixed. Xu (2002) provides evidence that
adults use exercise to compensate for smoking, which aligns with Conway and Niles (2017)’s find-
ing that cigarette taxes have a negative effect on exercise. Courtemanche (2009) and Wehby and
Courtemanche (2012), however, provide limited evidence that cigarette taxes may increase exer-
cise. We estimate the effects of tobacco control policies, especially cigarette taxes, on the smoking
and physical activity behaviors of teens using repeated cross-sectional data from the 1991 - 2017
national and state Youth Risk Behavior Surveillance System (YRBS) combined with state level
policies and controls. Consistent with past work, our smoking results suggest a strong negative
effect of cigarette taxes on smoking participation in teens. However, we find this effect has waned
in recent years, consistent with the recent null results of Hansen et al. (2017). Our results for
physical activity mirror those of smoking; cigarette taxes have a modest negative effect on teen
physical activity that has also waned in recent years. An exception to this waning effect for both
smoking and physical activity, however, are young teens. This negative spillover effect is consis-
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tent with teens using physical activity to compensate for the harmful effects of smoking, although
income effects could also be responsible. Our findings therefore suggest that the health benefits
from cigarette taxation may be diminished by its unintended effects on physical activity and that
efforts to increase the physical activity of young teens, in particular, is warranted.
1.2 Past Research
The primary mechanism for tobacco policies to affect youth physical activity is through their effect
on smoking. If youth smoking does not respond to tobacco policies, then taxes affect their exercise
behavior only via income effects. Most economic research on the responsiveness of teen smoking
to tobacco policies focuses on cigarette taxes and prices, as we do here. While the findings are
mixed, most indicate that teens are sensitive to cigarette taxes (e.g., see Carpenter and Cook, 2008;
Lillard et al., 2013 for reviews). Studies find that cigarette taxes have a significant negative effect
on youth smoking prevalence and intensity (e.g.,Tauras et al., 2005; Carpenter and Cook, 2008;
Nesson, 2017) and initiation (Nonnemaker and Farrelly, 2011; Lillard et al., 2013) and that they
increase cessation (Tworek et al., 2010). Teens are typically expected to be more price responsive
than adults (Grossman and Chaloupka, 1997), because the proportion of income a teen smoker
spends on smoking is higher than that of an adult smoker and because they are likely less addicted.
Nonetheless, other studies find no significant impact on youth smoking and participation after
controlling for state anti-smoking sentiments and other state-level factors (DeCicca et al., 2002;
DeCicca et al., 2008; DeCicca et al., 2008). Another complication is that teens frequently get their
cigarettes in nonstandard ways (e.g., borrowing from friends or third-party purchases) such that
they may not face cigarette taxes directly (Hansen et al., 2013).
Research using more recent data further suggests that the effects of cigarette taxes on
youth smoking have waned. Hansen et al. (2017) revisit and update Carpenter and Cook (2008)
by bringing in four additional waves of YRBS data (2007, 2009, 2011 and 2013). While Carpen-
ter and Cook (2008) find that a one dollar increase in taxes reduces smoking participation by 3-6
percentage points during the 1991-2005 period they study, Hansen et al. (2017) find little evidence
of a negative relationship for the period 2007-2013. These two studies are especially relevant for
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our work because they use the YRBS and because the availability of physical activity measures re-
quires us to break our analyses into two time periods, 1991-2005 and 2005-2017. We consequently
provide both a confirmation of and an update to these two studies. A third study, Hawkins et al.
(2016), also uses more recent waves of the state-level YRBS (1999-2013). It too finds little overall
effect of cigarette taxes on current smoking, except for the youngest smokers. As shown shortly,
our smoking estimates produce similar results to these YRBS studies.
The waning effect of cigarette taxes also occurs in two studies that use alternative datasets.
Abouk and Adams (2017) uses the 2007-14 Monitoring the Future, and Friedman (2015) uses the
2002-2013 waves from the National Survey on Drug Use and Health; both find null or positive
effects of cigarette taxes on youth smoking participation. Their main focus, however, is the effect
of state bans on electronic cigarette sales to minors on teen’s traditional smoking. Electronic
cigarette consumption among teens has increased dramatically since 2014 (Lanza et al., 2017).
The YRBS only began asking about electronic cigarette use in 2015, precluding a careful study
of this behavior. Rather, we attempt to control for it by alternatively including information about
electronic cigarette bans in our models and limiting our analyses to the period before their use
became widespread.
Economic research into the causal factors influencing adolescent physical activity is lim-
ited and typically focuses on the effects of state-level physical education (P.E.) requirements (Caw-
ley et al., 2007; Sabia et al., 2017). These P.E. requirements appear to increase the minutes spent
physically active in P.E. classes, but the effect on overall physical activity is less clear (Cawley
et al., 2007) finds an effect on girls, whereas Sabia et al. (2017) finds no effect). Both studies use
the YRBS. Adult physical activity has received more attention, with a primary focus on the effects
of the unemployment rate on exercise (e.g., Ruhm, 2005; Colman and Dave, 2013). We include
as controls the state-level P.E. requirements and the teen unemployment rate, as well as state level
spending on parks and recreation as in Cawley et al. (2007). Economic research has also investi-
gated one specific type of teen physical activity - sports team participation - as a factor that affects
later adult outcomes. Such studies use the roll-out of Title IX to estimate plausibly causal effects of
increased sports team participation on outcomes such as obesity, education attainment, labor force
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participation and occupational choices (e.g.; Kaestner and Xu, 2010; Stevenson, 2010; Baker and
Cornelson, 2019). The generally beneficial effects found underscore the potentially long-lasting
effects of any factor that influences teen physical activity, including tobacco policy.
Associations between youth health behaviors, including physical activity, sports partici-
pation and smoking, have been studied extensively, especially in other disciplines (e.g.; Pediatrics,
Psychology, Public Health; see Gordon-Larsen et al., 2000; Gordon-Larsen et al., 2006; Kahn
et al., 2008). Many studies find that high levels of smoking are correlated with low levels of exer-
cise among adolescents including participation in athletic teams (e.g.Escobedo et al., 1993; Larson
et al., 2007; Kaczynski et al., 2008; Lisha and Sussman, 2010; Terry-McElrath et al., 2011), re-
flecting the common finding that health behaviors tend to cluster together. However, a recent study
that also investigates e-cigarette use finds that traditional smokers “are more likely to be physically
active at least 60 minutes daily” than non-smokers (Milicic et al., 2019 p. 290), although they are
also less likely to tone at least 3 times a week or participate in sports. E-cigarette use is associ-
ated with higher levels of physical activity, toning and sports participation and in their sample of
Canadian youth had a higher participation rate than traditional smoking (approximately 10% vs.
6%).
Few studies attempt to find causal relationships between health behaviors and those that
do use longitudinal data to explore the potential protective effects of physical activity, especially
sports participation, on future smoking (Audrain-McGovern et al., 2006; Audrain-McGovern et al.,
2012; Ali et al., 2014). These studies do not investigate the opposite scenario, that reduced smok-
ing could affect subsequent physical activity. Kaczynski et al. (2008)’s interdisciplinary review
of past studies on smoking and physical activity among adults and adolescents discusses possible
reasons why the two behaviors could be either negatively or positively related. Many are reflected
in our conceptual framework and include that smoking affects the ability to exercise, that both
may achieve the same goal (improved mental health or weight loss) and that individuals may use
physical activity as a harm reduction strategy. Using exercise to compensate for smoking is sup-
ported by medical evidence that physical activity can in fact reduce the harms from smoking (e.g.,
deRuiter and Faulkner, 2006), and research further suggests that teens hold such Compensatory
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Health Beliefs (CHBs; Radtke et al., 2011).
Ours is the first economic study to explore the relationship between smoking and exercise
in teens and the resulting possible spillover effects of tobacco control policy on physical activity.
Past economic research has instead focused primarily on adults and on the effects of cigarette costs
on BMI and obesity (e.g., see Courtemanche, 2009; Mellor, 2011; Wehby and Courtemanche, 2012
for reviews; Chao et al., 2019). Key exceptions include Dragone et al. (2016), which extends their
theoretical model of obesity and smoking to include exercise in showing that cigarette taxes could
lower obesity, and Conway and Niles (2017) which estimates the spillover effects of cigarette costs
on adult exercise behavior. Spillover effects in teens have been studied far less and are limited to
the use of smoking for weight loss efforts (Cawley et al., 2004; Cawley et al., 2016). These studies
help shape our conceptual framework and empirical approach.
1.3 Conceptual Framework & New Complications
Our conceptual framework builds off Conway and Niles (2017) and the findings of other past re-
search. Conway and Niles (2017) ’s framework has smoking and exercise behavior affecting utility
directly as well as indirectly as inputs into a ‘health’ production function. Utility is then maximized
subject to time and budget constraints, with smoking having a money cost that is influenced by to-
bacco policy and exercise having a time cost (coming at the expense of leisure).
This framework suggests four possible avenues for cigarette taxes and prices to have an
effect on physical activity, three of which derive from the presumed reduction in smoking. First,
reduced smoking increases the capacity to exercise via improved cardiovascular fitness and pul-
monary function (Papathanasiou et al., 2007), thereby diminishing the disutility of exercise and
leading to a positive effect on exercise.2 This avenue is in the spirit of Courtemanche (2009),
which proposes that successful quitting/reduction has positive psychological effects and may lead
to increased enthusiasm in health and fitness and therefore exercise. A second avenue for a pos-
itive effect on exercise is that both exercise and smoking are inputs into managing one’s weight
2Because work time (and thus income) is assumed fixed, exercise (E) comes at the expense of leisure time, which is assumed to yield greater
utility (U). Exercise therefore causes disutility or UE<0. Since smoking (S) makes exercise more difficult, it decreases UE-i.e UES<0. This
assumption symmetrically suggests that exercise diminishes the utility from smoking, which is consistent with evidence that exercise reduces
nicotine cravings and increases dopamine activity (deRuiter and Faulkner, 2006)
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and/or stress (‘health’). Evidence suggests that adolescents, especially young females, smoke to
lose or control their weight (e.g., Cawley et al., 2016); smoking may also be a device for stress
management among teenagers (Siqueira et al., 2000). Because physical activity also helps to man-
age weight and combat stress (Norris et al., 1992; Calfas and Taylor, 1994), teens may use it as
a substitute for smoking. Dragone et al. (2016) discusses these two avenues when extending its
theoretical framework to include exercise and arguing that cigarette taxes can ‘kill two birds with
one stone’ (smoking and obesity).
However, the third avenue suggests a negative effect on exercise and arises from CHBs,
whereby adolescents believe that the negative consequences of unhealthy behaviors (smoking) can
be compensated for by engaging in other health behaviors (exercise). In the production of overall
‘health’, smoking is viewed as a ‘bad’ input that may be compensated for with the ‘good’ input of
exercise; i.e. exercise and smoking are complements in production. Thus a tax-induced reduction
in smoking decreases the indirect benefits from physical activity and leads to a decrease in exercise.
Finally, an increased cost of cigarettes can have income effects, even if it does not affect smoking
behavior. Teens could cut down their consumption of other healthier goods and compensate by
exercising more. Or, they may choose to work more and have less time to exercise. These income
effects also have theoretically ambiguous effects on exercise and could be especially relevant for
adolescents since the proportion of income they spend on smoking is likely higher than that of
adult smokers. Conversely, the effects could be weaker if teens often obtain cigarettes from other
sources; see Hansen et al. (2013).
The predicted effect of cigarette taxes/prices on exercise is therefore theoretically am-
biguous, even in the simplified framework of Conway and Niles (2017). Modeling the physical
activity of teenagers has at least two additional complications. First, most teenagers are required
to take physical education (P.E.) classes. Sabia et al. (2017) report that 43 states and the District
of Columbia have high school requirements for P.E., which can range from one semester to four
full years (8 semesters). Thus, not all exercise may be a ‘choice’ for this age group and teens may
face the additional constraint of having to take P.E. at the time of the survey. Yet, students may
have some discretion over how much exercise they obtain from these classes, both adjusting their
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activity levels during class and choosing to take more than the minimum number of P.E. classes.
We explore this complication in several ways in our empirical analyses.
A second unique feature of teenager’s exercise decisions is their easy access to sports
teams and participation (relative to adults). Unlike P.E., joining a sports team is unquestionably
a choice but the motives for doing so may extend well beyond obtaining exercise to social and
career/college considerations and even, in some schools, as a way of satisfying P.E. requirements.
Sports team participation may also entail additional constraints, such as fixed time commitments
(which could limit the ability to earn income) and ‘zero tolerance’ policies towards certain behav-
iors including smoking. These complications suggest that the effects of cigarette taxes on sports
participation may differ substantially from that of exercise.
1.4 Data and Empirical Strategy
Using repeated cross-section, individual-level data from the 1991-2017 National and State Youth
Risk Behavior Surveillance System combined with state-level policies and characteristics, we es-
timate models that are similar to those in Carpenter and Cook (2008) and Hansen et al. (2017) and
take the form of:
Yist = β0 +β1Cst +β2Zst +β3Xist +λs +δt + εist (1)
Yist is a measure of smoking or physical activity for individual i in state s and year t. Cst
is the cigarette tax (in dollars per pack) in state s and year t and is our main measure of the cost of
cigarettes.3 Appendix Table 1.1 describes and provides the sources of the state level variables we
include. Zst includes a vector of other state tobacco policies that consists of six indicators for clean
indoor air laws in venues likely to affect high school students (as in Carpenter and Cook, 2008;
Hansen et al., 2017), per capita funds allocated for tobacco control, and the percentage of adults
who are current smokers. Zst also includes variables expected to affect physical activity, such
as state and local government expenditure on parks and recreational facilities, state high school
3As in Carpenter and Cook (2008), we use the cigarette tax as of March 31st in each year, since the YRBS is conducted in the spring. In
robustness checks, we use inflation-adjusted cigarette prices instead.
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Physical Education (P.E.) credit requirements and the percentage of adults who participated in any
physical activity in the past month. In addition to median income and percent college educated,
we also control for the youth unemployment rate because studies of youth smoking behavior and
studies of adult physical activity have each done so (e.g., for smoking, Carpenter and Cook, 2008;
Hansen et al., 2017; for exercise, Ruhm, 2005; Conway and Niles, 2017). Our main model includes
this broad set of controls, which is more extensive than is typically included in studies of teen
smoking or physical activity only. In sensitivity checks, we verify that our results are robust to the
list of state controls included. Xist is a vector of individual characteristics including indicators for
age, gender, grade and race/ethnicity; λs and δt are state and year fixed effects respectively. εist
is a disturbance term. Some specifications include state-specific time trends (θst) as well and all
standard errors are clustered at the state-level.
The YRBS surveys are coordinated every other year, beginning in 1991, by the CDC
and are administered to high school students at school in the spring. The YRBS is commonly
used in studies of youth smoking behavior (e.g., Gruber and Zinman, 2001; Carpenter and Cook,
2008; Hawkins et al., 2016; Hansen et al., 2017) and physical activity (e.g., Cawley et al., 2007;
Sabia et al., 2017). However, a shortcoming of the YRBS is that it does not have information on
household variables that capture the socio-economic status of respondents. Another limitation is
that the states included in the YRBS, national or state, varies from year to year. For example, only
5 states appear in the national YRBS sample in the 14 years available (i.e., 1991, 1993, ..., 2017);
no state appears in the state YRBS in every year. To address this limitation and bolster sample
size, we follow recent research and combine national and state surveys (e.g., Hansen et al., 2017;
Sabia et al., 2017; Sabia et al., 2019). The national YRBS is publicly available, contains 10,000 to
16,000 students per year, has at least one year of data on 48 states, and spans 365 state-years out of
a possible 714 (=14 years x 51 states + D.C.). The state YRBS is restricted data, contains 50,000
to 200,000 students per year, has data on 47 states, and spans 421 state-years. Combining the
two data sets expands substantially the coverage of states to 51 and state-years observed to 568, a
critical dimension to the data since we are studying the effects of state-level policy over time. The
exact breakdown of states and years available in the national and state YRBS is given in Appendix
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Table 1.2. In our primary specifications, we follow past work in adjusting for the differing sample
sizes (e.g., Anderson, 2010) by weighting the data by the state–year population for the individual’s
gender-age-race from SEER’s (Surveillance, Epidemiology, and End Results Program, a source
for cancer statistics in the United States population) data files.4 In robustness checks, we explore
the impact of using these weights and also estimate the models for the two samples separately.
The period 1991-2017 is relevant because it includes substantial changes in cigarette taxes
and other tobacco policies. As shown in Figure 1.1, both the average and the range of cigarette
taxes increased dramatically over this time period. In 1991 state taxes ranged from $0.02/pack
to $0.40/pack with an average of $0.22/pack. In 2017 they ranged from $0.17 to $4.35 with the
average increasing to $1.67. Moreover, this period also includes the Master Settlement Agreement
(MSA), an agreement between the states and the five largest tobacco companies in the US. The
MSA (1998) not only required the tobacco industry to pay approximately $10 billion annually
as a compensation to the settling states but also set rules and regulations to restrict the sale and
marketing of cigarettes by participating cigarette manufacturers. Much of the tobacco settlement
money was targeted toward preventing new smokers.5
1.4.1 Smoking Measures
Because the primary conduit for cigarette taxes to affect physical activity is through its impact on
smoking, we first explore its effects on smoking behavior. The YRBS asks the student how many
days she smoked in the last 30 days and, on the days on which she smoked, how many cigarettes
were smoked per day. However, these variables are coded as categorical variables, making more
refined measures of smoking difficult to observe. We therefore follow past YRBS studies of teen
smoking and focus on smoking participation. The smoking participation rates by gender and age
are reported in Figure 1.2a and 1.2b. These figures show the well-known downward trend in
smoking participation among teens since the late 1990s, a trend that is common across age groups
and gender. As expected, smoking participation is higher among older teens than younger teens
4Adolescents with missing information on age, race, gender or grade are dropped from the sample. In addition, respondents younger than 14
years of age are also excluded from our sample as they are extremely young for high school and are likely outliers (Hawkins et al., 2016).
5https://publichealthlawcenter.org/sites/default/files/resources/tclc-fs-msa-overview-2015.pdf
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and for males than females.
Information on e-cigarettes consumption, a behavior with growing popularity among
teens, is not available until the 2015 survey and so is not considered. Due to the limited availability
of our physical activity measures, all of our analyses are further broken into early (1991-2005) and
late (2005-2017) periods. The differences we find over these time periods could be due, at least
in part, to the emergence of e-cigarettes. In robustness checks, we re-estimate all of our models
for the later time periods by adding information on e-cigarette taxes and bans on sales to minors.
We also explore dropping 2015 and 2017 from the analyses, the two years most likely affected by
e-cigarette use by teens.6
1.4.2 Physical Activity, Sports Teams and PE Measures
The YRBS asks the student how many days in the past week did they engage in a specific physical
activity; all such variables take on values from 0 to 7. These variables are not available in every
year of the YRBS and their availability dictates both the measures and the years we investigate.
The first is “vigorous days” (available between 1991-2005), based on the student’s response to7
“On how many of the past 7 days did you exercise or participate in physical activity for
at least 20 minutes that made you sweat and breathe hard, such as basketball, soccer,
running, swimming laps, fast bicycling, fast dancing, or similar aerobic activities?”
Beginning in 2005, a second measure of physical activity is consistently available. It is the number
of active days and is based on the student’s response to
“During the past 7 days, on how many days were you physically active for a total of at
least 60 minutes per day?(Add up all the time you spend in any kind of physical activity
that increases your heart rate and makes you breathe hard some of the time.)”
Both the duration (20 vs 60 minutes) and the definition vary across the two measures, leading us
to conduct two separate analyses, 1991-2005 for vigorous days and 2005-2017 for active days.8
6For evidence of the growth in e-cigarette use among teens see https://www.cdc.gov/vitalsigns/ecigarette-ads/index.html and
Lanza et. al 2017.
7This and subsequent variable definitions are quoted from the 2005 YRBS questionnaire. This question was also asked in a small subset of states
in 2007 and 2009. Both the number of states and the number of students within each state is quite small after 2005, raising concerns about selection
bias and lending little additional variation. A second question regarding physical activity that “did not make you sweat or breathe hard, such as fast
walking, slow bicycling, pushing a lawn mower, or mopping floors” was asked from 1999 to 2009, with a similar fall-off after 2005. Its limited
availability and inclusion of chores led us to drop it from consideration.
8Comparing vigorous and active days for the one year both are widely available (2005) yields a correlation coefficient of 0.67 (see Table 1.1).
The two measures are therefore similar but distinct, requiring caution in subsequent comparisons of the estimates using each measure.
16
For comparison, we also report the smoking and sports participation analyses split into these two
time periods as well. While done out of necessity for the physical activity measures, splitting the
sample this way allows us to investigate if the effect of cigarette taxes on smoking has waned in
recent years, as some suggest (Hansen et al., 2017). It also has the advantage that e-cigarettes were
not widely available during the earlier period and so should not confound the analyses.
Figure 1.3a shows the distributions for these two measures and reveals that while there is
some clustering at the extremes (zero days and all 7 days) physical activity does not appear to be an
‘all or nothing’ activity. About 60% of teens report between 1 and 6 days, with “active” appearing
slightly more bimodal. To explore the observed relationship between smoking and exercise, Table
1.1 reports the average days of physical activity for non-smokers vs. smokers, further subdivided
by gender and age. Smokers report less physical activity (typically about 0.3 days) than non-
smokers across all subgroups and time periods. Similar results emerge from an OLS regression
of physical activity on smoking participation that includes all of the controls in equation 1 (see
Appendix Table 1.4) This tendency is consistent with the observed clustering of healthy behaviors
and likely unobserved heterogeneity in preferences; i.e., teens who are less informed or care less
about their health or who are less forward-looking/risk averse are more likely to smoke and less
likely to exercise. This pattern is expected and is why we focus on the effects of cigarette taxes
via reduced form models as a plausibly exogenous shock to smoking behavior. The trends over
time, reported in Figure 1.4a, are flatter than those for smoking and tend to move in the opposite
direction, further highlighting the observed negative correlation between smoking and exercise.
This correlation inhibits our ability to link the trends in physical activity in a meaningful way to
the increase in cigarette taxes and presumed corresponding reduction in smoking.9
The last measure of physical activity is the number of sports teams (run by their school or
community groups) on which the respondent played in the past 12 months.10 The variable is top-
9Our econometric models of smoking and physical activity yield estimated year coefficients that strongly mimic these time trends, suggesting
that other factors are at work besides the cigarette tax. One possible factor affecting physical activity is Michelle Obama’s Let’s Move initiative,
which coincides with the strong observed increase between 2009 and 2011. Other factors responsible for the decline in smoking (e.g., increased
risk aversion or interest in health among teens) could affect physical activity in unknown ways. Results for the estimated year coefficients and any
other results discussed but not reported are available upon request.
10The YRBS has a few other measures of physical activity, such as on how many days of the past 7 days did they walk or bicycle for 30 minutes
at a time or engage in stretching exercises, such as toe touching, knee bending, or leg stretching. However, the availability of these measures over
time is much more limited than those considered here.
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coded at 311 and so ranges from 0 to 3. Like smoking, this variable is available in every year of the
YRBS. Figure 1.3b reports the distribution of sports teams. More than 50% of the sample reports
being on at least one sports team; about 15% of the sample reports being on three or more teams
in the last year. Similar to physical activity, Table 1.1 reveals that non-smokers have higher rates
of sports team participation (about 8%) than smokers. However, unlike physical activity, the sports
participation rate and number of teams have steadily, albeit modestly, declined over time. Given
their strong similarity in patterns (and subsequent results) and the top-coding at 3, we emphasize
the results using sports team participation.
A complication for our analyses is that not all physical activity may be a choice variable
if the student is enrolled in a P.E. class. The YRBS also asks about P.E. classes:
“In an average week when you are in school, on how many days do you go to physical
education (P.E.) classes?”
Figure 1.3c reveals that P.E. days is strongly bi—modal; almost 50 percent report zero days and
more than 30 percent report every day (5 days). P.E. days are similar to sports and physical activity
in that non-smokers report higher levels than smokers, suggesting that P.E. days may not be entirely
exogenous (see the bottom of Table 1.1). To explore the role that P.E. classes play, we estimate two
alternative specifications. The first includes P.E. days as an additional explanatory variable, and the
second limits the analyses to those students who report no P.E. days, such that all days of physical
activity are likely voluntary. To the extent that students can choose P.E. days, these estimates may
suffer from endogeneity or selection bias and so we view these estimates with caution. We also take
an alternative approach, redefining the physical activity measures to be whether or not the student
participated for 6+ days in the past week. Answering yes to this question is a clear indication of
voluntary physical activity as even those required to take a P.E. class do not have to exercise more
than 5 days a week. As we see shortly, the results are reasonably similar across these different
approaches.
11Between 1991-1997, the YRBS asked two questions on sports team participation. Specifically, one question asked respondents about the
number of teams run by their school while the other asked them about the number of teams run by organizations other than their school. To ensure
compatibility across years, the responses to both these questions have been added up to create the sports team variable over this period.
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1.4.3 Additional, Descriptive Evidence from the 2010 NYPANS
These measures comprise the extent to which the YRBS asks students about their physical activ-
ity. Ideally, we would have information on the types of physical activities teens engage in and
their feelings about and reasons for physical activity, especially as linked to smoking behavior,
health status and weight management. The CDC did conduct a survey in 2010 that asks some of
these questions, the 2010 National Youth Physical Activity and Nutrition Survey (NYPANS). The
NYPANS targeted students in grades 9-12.12 While its cross-sectional nature precludes making
causal inferences, we briefly explore the patterns evident in this data to provide context for our
econometric results. Table 1.2 summarizes this exploration.
The NYPANS asks the same vigorous and active days questions as in the YRBS and
some limited questions about smoking. The top of Table 1.2 reveals that the reported levels of
physical activity are similar to those reported in the YRBS in 2005 (the one year both vigorous
and active days are available), and we once again find that active and vigorous days are positively
correlated but distinct measure.13 The activities they report doing most in the last 7 days - walk-
ing, running/jogging and weightlifting - suggest a health-oriented goal; i.e., they are not obvious
recreational activities. Notably, the survey question specifically precludes activities in P.E. class so
these activities should be voluntary. The survey also asks about students’ views towards exercise,
although none address the idea of CHBs. Rather, they ask how the students feel when they are
physically active, whether it is enjoyable, is fun, gives them energy, makes their body feel good or
gives them a feeling of success. Students overwhelmingly agree or strongly agree to all of these
statements, with being enjoyable receiving the highest agreement. Giving them a feeling of success
was the sentiment with the highest strong agreement at 49.24% (not reported).
The survey also asks about efforts to lose or maintain weight, including smoking and
exercise. Previous research finds substantial differences in weight perceptions and practices by
gender and so we stratify by gender. As in past work, girls are far more likely to report trying
to lose weight than boys, whereas boys are more likely to report trying to gain weight or doing
12The survey was given to approximately 12,000 students from 168 schools across all 50 states and D.C. For more information, see https://
www.cdc.gov/healthyyouth/data/yrbs/nypans.htm. We use the sample weights provided.
13The active days variable in the NYPANS does not include zero as a possible response, however; only 1 to 7 days are permitted responses. This
omission likely explains the higher values in the NYPANS and highlights that the variable is not precisely comparable across the two surveys.
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nothing. These gender differences in weight loss efforts translate into differences in exercising
to lose or maintain weight (64.45% for girls vs 52.28% for boys). However, differences between
boys and girls in whether they exercise or smoke to manage their weight are eliminated once we
limit the sample to those who say they are trying to lose or maintain their weight. For this group,
exercise appears to be a common approach, as 75% of both boys and girls report exercising to lose
or maintain their weight. In contrast, only 21% of teens of both genders who smoke and are trying
to lose or maintain their weight report smoking to do so. There is some evidence that girls are
more likely to use both behaviors to lose or maintain their weight than boys. For example, of girls
who are trying to lose or maintain weight and report smoking to do so, 82.87% report also using
exercise compared to only 70.54% of boys. A parallel comparison for smoking reveals a 23.71%
vs 20.91% difference. These patterns suggest that while exercising to lose or maintain weight is
common, smoking to do so is much less common – even among those who smoke. Girls are more
likely to use one or both behaviors to manage their weight, both because they are more likely to be
trying to lose weight than boys and because they seem more likely to use both together to do so.
Taken together, these analyses provide evidence for all three ways that an exogenous
reduction in smoking could affect physical activity identified in the conceptual framework: 1)
physical activity directly affects utility (and therefore reduced smoking could make it more enjoy-
able),14 2) physical activity is used to manage weight (and so reduced smoking could heighten this
need), and 3) physical activity is used to promote good health (and so reduced smoking lessens this
need). The gender differences we find suggest that the predicted positive effect of cigarette taxes
on exercise resulting from the second avenue is likely stronger for girls than for boys, but may not
be a dominating influence overall. Unfortunately, the NYPANS does not contain any questions
that help reveal the fourth possible avenue and the one that persists even if smoking is not reduced
- income effects.
14In fact, if we stratify the sample into smokers and nonsmokers, smokers are less likely to report exercise as ‘enjoyable’ or ‘fun.’
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1.5 Results
Our empirical approach is to first investigate how cigarette taxes affect teen smoking, and then
estimate reduced form models of the effects these tax policies may have on teen physical activity.
1.5.1 Smoking
Because the effects of cigarette taxes on teen smoking has been investigated extensively, we con-
sider this exercise to be primarily a confirmation of past work. For consistency with the rest of our
analyses, we report results with the full set of controls (e.g., P.E. requirements) but the results are
similar with a narrower, more traditional set of controls. Because past research finds differences
by age and gender (e.g., Cawley et al., 2004; Hawkins et al., 2016), we also re-estimate these mod-
els stratifying our sample. Table 1.3 summarizes the results for our key variable, cigarette taxes,
estimated with logit for these different groups and for the different time periods. OLS estimates
are similar, especially in the earlier period. The full set of results for the full sample (the first row
of Table 1.3 are reported in Appendix Table 1.3.
Our results are largely consistent with past work that uses the YRBS. Cigarette taxes
have negative effects on teen smoking, but these effects have waned a great deal in recent years.
In the early part of the sample, the effects are sizable and statistically significant across most
groups; they suggest that a one dollar increase in cigarette taxes decreases participation by about
3 percentage points, similar to Carpenter and Cook (2008). In the latter period, these effects
are almost completely eliminated, as in Hansen et al. (2017). Only the youngest teens (as in
Hawkins et al., 2016) and females continue to have a statistically significant, negative effect; males
exhibit a counter-intuitive positive effect.15 Hansen et al. (2017) also find an overall positive, but
statistically insignificant effect, as do two recent studies that use other data sources (Friedman,
2015; Abouk and Adams, 2017). However, none of these smoking studies report estimates by
gender, which precludes an examination of whether their positive estimates are also being driven
by males. Including state minimum wages and e-cigarette taxes and bans on sales to minors does
not qualitatively affect the results. Neither does dropping the last two years of the YRBS (2015 and
15This puzzling, positive effect is reasonably robust to the choice of controls, the use of weights and samples, and including inflation-adjusted
cigarette prices instead of cigarette taxes, but is often not statistically significant.
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2017), a period when teen e-cigarette use was increasing rapidly. Thus, while the results for males
is admittedly puzzling, our overall results are consistent with other recent studies of smoking.
One explanation given for this waning effect is that as cigarette taxes have increased
dramatically, only the most hardened and least price-responsive smokers remain. This finding
suggests that the effects on cigarette taxes on physical activity may be weaker as well. However,
these analyses ignore other margins of adjustment (e.g., the intensive margin). Recall also that
such taxes can have income effects on smokers’ physical activity even if their smoking behavior
does not adjust at all. The lack of an effect on smoking participation during 2005-2017 therefore
does not rule out an effect on physical activity during that time.
1.5.2 Physical Activity
Our physical activity measures are reported in number of days per week (0 to 7) and so we estimate
the models with a negative binomial.16 The first two columns of Table 1.4 report the cigarette tax
coefficient estimates for vigorous days, available only from 1991 to 2005, and the last two columns
report estimates for active days, available from 2005 to 2017. For each measure, we explore the
effects of including state-specific time trends (the first column vs. the second) and different ways
of adjusting for P.E. classes. Finally, we also stratify the sample in the same way as we did for
smoking – by gender and age. The full set of results for the full sample is again reported in
Appendix Table 1.3.
The results are strikingly consistent across these different specifications. Cigarette taxes
have a uniformly negative and often statistically significant effect on teen physical activity. The
results are mostly robust to the inclusion of state-specific time-trends and/or the treatment of P.E.
classes.17 The primary differences across models are over time/measure and tend to echo those of
the smoking models. As with smoking, the effect of cigarette taxes on physical activity is typi-
cally weaker and concentrated among the youngest teens in the more recent period; likewise, we
again verify that the results are robust to including information on e-cigarette laws and minimum
wages. However, in this case, dropping the last two years of the YRBS leads to larger and more
16OLS estimates are again quite similar.
17In light of the relatively flat time trends in physical activity, we verify that our specification is not over-fitting the data by estimating simpler
models too – alternately removing all state controls and replacing the year fixed effects with a quadratic time trend – and find similar results.
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statistically significant results although the patterns of effect are similar. Recall that comparisons
between the two time periods is complicated here because the two physical activity measures are
substantially different. The other consistent difference is that the effects appear stronger for males
than females, which is consistent with our predictions based on the NYPANS analyses. We discuss
these differences further, along with other implications, in Section 1.5.4.
Next, we subject these estimates to additional robustness checks and falsification tests,
summarized in Table 1.5 for the full sample. For active days, we also report these exercises for
the one group whose smoking and physical activity appears strongly affected during this later time
period, 14 year olds. The first entry in Table 1.5 repeats the results from Table 1.4. The next three
entries are minor changes, using OLS instead of logit, inflation-adjusted cigarette prices instead
of cigarette taxes or the more traditional set of controls included in teen smoking models. These
exercises mostly have little effect on the findings. We also investigate the effects of combining
and weighting the state and national YRBS. As expected with the increased sample size and state-
year variation, combining the two samples yields stronger results than using either one separately.
Using the SEER weights also leads to more statistically significant results. Nonetheless, the effects
are almost always negative and are stronger for vigorous days instead of active days and for 14 year
olds in the most recent years, as in our main models.
In the bottom panel of Table 1.5, we report falsification tests in which we alternatively 1)
replace the current cigarette tax with its two-year lead, and 2) add the two-year lead to the main
model. Vigorous days easily passes both tests; the two-year lead is never close to statistically
significant and the current tax retains its statistical significance even when the lead is included.
The results for Active days, however, suggest that including the state-specific trends is critical as
the two-year lead is positive and statistically significant when the trends are omitted. As revealed
in Table 1.4, including state-specific trends leads to an even stronger, negative effect on physical
activity. Overall, then, our analyses suggest that cigarette taxes have a consistently negative and
often statistically significant effect on teen physical activity, especially in the earlier period and for
younger teens in the later period, both cases when the effects on smoking are stronger.
23
1.5.3 Sports Participation
Like smoking, sports team participation is available in every year of the YRBS. Given the waning
effects for smoking over time and the weaker findings for active days than vigorous days, we split
our sample into the same time periods as well as pooling all years together. Table 1.6 summarizes
the logit results for the sports team participation models for the same three time periods and sample
stratifications. Given the general lack of statistical significance we do not report all of the estimates
with state-specific time trends included; instead those estimates are reported in the second row for
the full sample only.
Our analyses suggest that sports participation is not affected in a robust way by cigarette
taxes. Table 1.6 reveals a lack of statistically significant effects, although the majority of estimated
effects are negative and they approach marginal statistical significance for the youngest students.
Given these weak main results and for the sake of brevity, we do not report the robustness and
falsification tests but note that those exercises also produce weak and variable results. One exercise
that does make a difference is dropping the last two years; similar to active days, dropping 2015
and 2017 leads to more negative and statistically significant effects. At most, then, our findings for
sports participation is a faint echo of the physical activity results, suggestive of a possible, weak
negative effect especially for the youngest students.
1.5.4 Discussion
Our analyses suggest that an increase in cigarette taxes reduces teen physical activity. If the main
mechanism is indeed through reduced smoking, then this negative effect suggests that the CHB
effect is dominating; i.e., teens are using exercise to compensate for the harms caused by smoking.
The NYPANS provides support for all three possible effects on physical activity of an exogenous
reduction in smoking, but shows that smoking to manage weight does not appear to be a widespread
practice, even among those currently smoking and trying to lose or maintain their weight. Such
behavior is more common in girls, however, which predicts a more positive/less negative effect on
physical activity for them. That gender difference is precisely what we find, especially in the later
years of our sample.
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The negative effects we find are modest in magnitude and predict that a one dollar increase
in cigarette taxes reduces days of physical activity by approximately 2 to 5%. One reason for
the modest size is that these estimates are intent-to-treat (ITT) effects. Only those who smoke
or whose smoking participation is affected by cigarette taxes are actually treated by a cigarette
tax, and both groups are small and declining during our sample. Table 1.7 combines summary
statistics on smoking participation and days of physical activity, along with the estimated effects
of cigarette taxes on both behaviors for the different groups and time periods. It highlights how
closely connected the estimated effects on smoking and physical activity are, and it provides the
context to make illustrative calculations of possible treatment-on-the-treated (TOT) effects. We
calculate two special cases of potential TOT effects that assume the only treated teens are 1) current
smokers (the first TOT column), or 2) those whose smoking participation is affected (the second
TOTcolumn).18 The first set are fairly similar over time, suggesting TOT effects of 0.2 to 0.6
days, except for the youngest teens in the most recent period, those also predicted to have strong
participation effects. The second TOT column presumes that only those teens at the margin of
smoking participation are treated; i.e., the estimated, small percentage decline in participation due
to a $1 cigarette tax increase. These TOT effects are of course much larger and in the earlier period
suggest a reduction in 2 to 5 days per week. The large, implausible values in the later period are
associated with either statistically insignificant or implausible (i.e., positive effect on smoking)
estimated effects, again with the exception of the youngest teens.
To further explore the effect for those at the smoking participation margin, we estimate
the effects of smoking participation on physical activity using cigarette taxes as an instrument.
Because the endogenous variable is binary and physical activity is a count, estimating the model
with traditional 2SLS may not be appropriate. We therefore estimate the models and perform the
standard tests for IV validity using 2SLS, but then also estimate the models with other more appro-
priate methods, two-stage-predictor-substitution (2SPS) and two-stage residual inclusion (2SRI)
18Specifically, we scale the ITT effect upward by the inverse of the proportion of teens who are treated. For example, if 30% of teens are smoking,
the TOT effect if only current smokers are treated is (1/0.30)*ITT effect. Similarly, if the treated teens are only those whose smoking participation
are affected, then the ITT effect is multiplied by 1/predicted change in the participation rate.
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as described in Terza et al. (2008).19 These exercises are summarized in Appendix Table 1.4. As
expected given our smoking results, cigarette taxes are much more likely to be a credible instru-
ment in the earlier period than the later one. Those early period models with credible instruments
yield results that are reasonably robust across the approaches and suggest that deciding to smoke
increases vigorous days by 3-4 days (2SLS) or 40 to 60% (∼ 1 to 2 days, 2SPS, 2SRI). The 2SLS
results therefore align closely with our reduced form, TOT effects in Table 1.7, whereas the likely
more appropriate 2SPS/2SRI results are about half that size and thus suggest other avenues are at
work too.
In the later period, the instruments do not pass the standard tests and/or yield volatile es-
timates of an implausible magnitude. These results are consistent with our reduced form estimates
that show a lack of an effect on smoking participation and a weaker effect on physical activity
(since one avenue for effect is shut down). The one exception, young teens, suggest that both
avenues are at work but leaves open the question of why they are so much more strongly affected
in recent years.20 One possible explanation is the different measure of physical activity we must
use. Another is that the growth in e-cigarette use has affected this group differently. However, we
continue to fnd larger effects for this age group if we exclude the last two years (2015 and 2017)
or include e-cigarette laws as a control. As the physical activity of teens seem likely to decline as
they age, a pattern evident in Table 1.7, and are also predictive of adult healthy behavior (Perkins
et al., 2004; Dohle and Wansink, 2013), factors that affect the behavior of young teens may have
cascading effects on older teens and into adulthood and therefore warrant future study.
1.6 Conclusion
This research investigates the effects of cigarette taxes on the physical activity and sports team
participation of teenagers and, more broadly, the potentially complicated relationship between
smoking and physical activity. While both our conceptual framework and descriptive analyses of
192SPS is where both stages are estimated using a more appropriate method - i.e., logit for the first stage and negative binomial for the second
– and the predicted probability of smoking is used in the second stage. 2SRI includes the observed binary variable alongside the residual from an
appropriately estimated first stage regression (in this case logit). We also explore using higher order polynomials for the residual as suggested by
Garrido et al. (2012).
20However, the youngest group fails the 2SLS IV tests. The estimation method (OLS vs logit) of the smoking participation first stage proves
important here, which makes sense given their very low smoking participation.
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survey data reveal multiple avenues for cigarette taxes to affect exercise, our empirical results sug-
gest that teenagers hold compensating health beliefs and use exercise as a harm reduction strategy
to ameliorate the ill effects of smoking. These findings align with Xu (2002) and Conway and
Niles (2017) who find evidence of similar compensatory behavior in adults and with Radtke et al.
(2011) who finds evidence that teens hold such compensating health beliefs. Our findings suggest
that this compensatory behavior dominates other avenues that could lead to an increase in physical
activity, such as increased utility from exercise (as supported by Courtemanche, 2009 and Wehby
and Courtemanche, 2012 for adults) or as an alternative to smoking in managing one’s weight.
Our econometric analyses using data from 1991-2005 yield strong, negative effects of
cigarette taxes on teen smoking and corresponding negative effects on teen exercise, presumably as
the estimated reduction in smoking lessens the perceived health benefits from exercise. Using more
recent data (2005-2017), the negative effect of cigarette taxes on smoking has waned and so has its
effect on exercise, with the exception of young teens. The magnitude of effect is modest, with a
one dollar increase in cigarette taxes estimated to reduce physical activity by 2 to 5%. Recognizing
these estimates are intent-to-treat (ITT) effects and that the treated population (smokers or those
on the margin of smoking) is small and shrinking suggests substantially larger treatment-on-the-
treated (TOT) effects, however.
That policies designed to reduce teen smoking may have the unintended consequence of
reducing their physical activity diminishes the long term health benefits of those policies. It further
suggests that tobacco control policies be accompanied by others designed to combat the spillover
effects to exercise, such as through enhanced P.E. requirements or public health initiatives (e.g.,
Let’s Move!). Past research finds that sports team participation has lifelong benefits, yet our anal-
yses are inconclusive as to whether it is similarly diminished by cigarette taxes. Our results, while
consistent with a compensating behavior story, cannot rule out alternative explanations such as
income effects. Cigarette taxes impose income effects, while other policies such as cigarette bans
and anti-smoking campaigns do not. Finally, the explosion of electronic cigarette use among ado-
lescents raises the question of whether our results for traditional smoking carry over to electronic
27
cigarettes, which are perceived to be less harmful. If the compensating behavior story holds, then
the switch from traditional to electronic cigarettes (with their perceived less harmful effects) is
likely to be accompanied with a further decline in teen physical activity.
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Figure 1.1: Average, Maximum and Minimum State Cigarette Tax
between 1991 and 2017
Notes: Includes all states and the District of Columbia.
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Figure 1.2: Trends in Smoking Participation Using Weighted Combined National and
State YRBS (1991-2017)
a. By Gender
b. By Age Group
Notes: Smoking participation rate is based on whether the teen reports having smoked at
all in the past 30 days.
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Figure 1.3: Distribution of Physical Activity, Sports Participation and Physical
Education Using Weighted Combined National and State YRBS
a. Vigorous & Active Days (0-7 Days)
b. Sports Participation (0-3 Teams)
c. Physical Education (0-5 Days)
Notes: The figures include all observations for the years 1991-2005 for Vigorous days,
2005-2017 for Days Active 60 mins+ and 1991-2017 for Sports Team Participation and
Physical Education Attendance.
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Figure 1.4: Trends in Physical Activity Measures Using Weighted Combined National
and State YRBS between 1991 and 2017
a. Vigorous and Active Days
b. Sports Team Participation
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Table 1.1: Physical Activity, Sports Team Participation and Days of Physical Education
(P.E.) - by Time Period and Smoking Status
Measure/Sub-sample 1991-2005 2005-2017
Non-Smokers Smokers Non-Smokers Smokers
Physical Activity (in days/week) Vigorous Days Active Days
Total 3.73 3.41 3.76 3.41
Females 3.21 2.91 3.29 2.78
Males 4.26 3.89 4.28 3.96
Age 14 yrs 4.11 3.83 4.01 3.47
Age 15-16 yrs 3.89 3.60 3.85 3.45
Age 17 yrs 3.35 3.14 3.54 3.38
Sports Team Participation 58.10% 50.90% 55.51% 47.04%
P.E. days (in days per week) 2.22 2.04 2.12 1.93
Notes: Authors’ calculation using data from combined weighted national and state YRBS, 1991-2017.
Vigorous days available between 1991-2005 and Active days available between 2005-2017.































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 1.3: Marginal Effects of Cigarette Taxes on Smoking
Participation
Logit Estimates Using Weighted Combined National and State YRBS
Smoking Participation
Sub-sample (1991-2005) (2005-2017) (1991-2017)
Full Sample -.028** .001 -.003
(-2.55) (0.24) (-1.22)
Females -.030** -.005** -.007***
(-2.12) (-2.22) (-2.72)
Males -.027** .007*** .001
(-2.51) (2.88) (0.45)
Age 14yrs -.018 -.004** -.008***
(-1.07) (-2.21) (-4.26)
Age 15-16 yrs -.035*** -.0004 -.004*
(-3.41) (-0.21) (-1.92)
Age 17yrs + -.021 .003 -.0003
(-1.60) (0.69) (-0.07)
Notes: All models control for individual characteristics such as age, gender, race,
grade and state level factors that include 6 indoor air laws in venues likely to affect
children, per capita funds allocated for tobacco control, stock of smokers, expendi-
ture on parks and recreations, P.E. credit requirement, stock of exercisers, median
household income, % college educated, teen unemployment rate plus state and year
fixed effects.
Cigarette taxes are in dollars.
State-year population for the individual’s gender-age-race from SEER’s data files are
used as weights.
z-statistics in parentheses are based on robust standard errors adjusted for clustering
at the state level.
*, ** and *** denote statistical significance at the 10, 5 and 1% level.
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Table 1.4: Estimated Coefficients of Cigarette Taxes on Physical Activity
Negative Binomial Estimates Using Weighted Combined National and State YRBS
Vigorous Days Active Days
w/o trends w/ trends w/o trends w/ trends
Full Sample -.032*** -.051*** -.018 -.019*
(-2.97) (-3.10) (-1.42) (-1.74)
Methods of Dealing With P.E.
Including P.E.days -.030*** -.046** -.029** -.027**
(-2.88) (-2.33) (-2.04) (-2.36)
Limited to P.E.days=0 -.034* -.071** -.048** -.026
(-1.90) (-2.37) (-2.20) (-1.30)
6 or more days of exercise† -.014*** -.031*** -.012* -.014**
(-2.67) (-3.16) (-1.82) (-2.18)
Stratifying By Student Characteristics
Females -.032* -.046** -.014 -.016
(-1.94) (-2.36) (-0.95) (-1.23)
Males -.034*** -.060*** -.023* -.021**
(-3.79) (-3.70) (-1.95) (-2.17)
Age 14yrs -.010 -.038 -.033*** -.048***
(-0.46) (-1.14) (-2.88) (-4.96)
Age 15-16 yrs -.036*** -.064*** -.013 -.005
(-3.95) (-5.21) (-0.97) (-0.41)
Age 17yrs + -.022 -.035 -.019 -.029*
(-1.47) (-1.61) (-1.37) (-1.90)
Notes: All models control for individual characteristics such as age, gender, race, grade and state level
factors which include 6 indoor air laws in venues likely to affect children, per capita funds allocated for
tobacco control, stock of smokers, expenditure on parks and recreations, P.E. credit requirement, stock of
exercisers, median household income, % college educated, teen unemployment rate plus state and year fixed
effects.
Coefficients estimated with negative binomial are reported.
Cigarette taxes are in dollars.
Columns 2 and 4 add state specific time trends.
Vigorous days available between 1991-2005 and Active days available between 2005-2017.
State-year population for the individual’s gender-age-race from SEER’s data files are used as weights.
z-statistics in parentheses are based on robust standard errors adjusted for clustering at the state level.
*, ** and *** denote statistical significance at the 10, 5 and 1% level.
†As this variable (6 or more days of exercise) is a binary outcome, it is estimated using Probit and its
marginal effect is reported.
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Table 1.5: Estimated Coefficients of Cigarette Taxes on Physical Activity– Robustness and
Sensitivity Analyses
Vigorous Days Active Days Active Days
Full Sample Full Sample Youngest Teens(14yrs)
w/o trends w/ trends w/o trends w/ trends w/o trends w/ trends
Pooled Weighted (from Table 3) -.032*** -.051*** -.018 -.019* -.033*** -.048***
(-2.97) (-3.10) (-1.42) (-1.74) (-2.88) (-4.96)
Alternative Specifications
Ordinary Least Squares -.117*** -.191*** -.071 -.068* -.138*** -.186***
(-3.14) (-3.17) (-1.54) (-1.67) (-3.04) (-4.77)
Inflation adjusted -.029*** -.039*** -.008 -.004 -.028*** -.035***
prices instead of taxes (-5.40) (-4.55) (-0.81) (-0.36) (-3.17) (-3.53)
Limited set of controls -.032** -.052** -.015 -.020** -.031** -.046***
(typically used in the (-2.91) (-3.46) (-1.32) (-2.13) (-2.31) (-4.40)
smoking literature)†
Alternative Samples
Weighted State -.042*** -.038* .001 -.009 -.010 -.032**
(-3.80) (-1.78) (0.14) (-0.68) (-1.09) (-1.97)
Weighted National -.014 -.047 -.016 -.006 -.044* -.058*
(-0.70) (-0.93) (-1.59) (-0.31) (-1.87) (-1.72)
Unweighted Pooled (State+National) -.015 -.029* -.011 -.016 -.020** -.032**
(-1.08) (-1.87) (-1.37) (-1.53) (-2.01) (2.12)
Falsification Tests
1. Replacing with the two year lead
Current Tax - - - - - -
(T+2) Tax -.014 -.001 .011* .0005 .020 .012
(-1.06) (0.07) (1.71) (0.08) (1.62) (1.27)
2. Adding the 2 year lead
Current Tax -.031** -.052*** -.032** -.022* -.057*** -.059***
(-2.27) (-3.25) (-2.28) (-1.81) (4.03) (-4.62)
(T+2) Tax -.003 -.002 .026*** .005 .045*** .025***
(-0.20) (-0.15) (4.63) (0.77) (4.41) (3.56)
Notes: All models control for individual characteristics such as age, gender, race, grade and state level factors which include 6 indoor
air laws in venues likely to affect children, per capita funds allocated for tobacco control, stock of smokers, expenditure on parks and
recreations, P.E. credit requirement, stock of exercisers, median household income, % college educated, teen unemployment rate plus
state and year fixed effects.
Coefficients estimated with negative binomial are reported.
Cigarette taxes are in dollars.
Columns 2 and 4 add state specific time trends.
Vigorous days available between 1991-2005 and Active days available between 2005-2017.
State-year population for the individual’s gender-age-race from SEER’s data files are used as weights.
z-statistics in parentheses are based on robust standard errors adjusted for clustering at the state level.
*, ** and *** denote statistical significance at the 10, 5 and 1% level.
† This entry only controls for the indoor air laws and teen unemployment rate.
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Table 1.6: Marginal Effects of Cigarette Taxes on Sports Participation




Without Trends -.010 -.004 -.003
(-0.93) (-1.41) (-1.31)
Including Trends .006 -.018 -.001
(0.66) (-1.34) (-0.15)
Methods of Dealing with P.E.
Including P.E.days -.007 -.002 -.001
(-0.74) (-0.85) (-0.69)
Limited to P.E.days=0 -.009 .002 .00003
(-0.55) (0.41) (0.01)
Stratifying By Student Characteristics
Females -.018 -.000 .-000
(-1.47) (-0.04) (-0.08)
Males -.001 -.007 -.005
(-0.11) (-1.53) (-1.14)
Age 14yrs -.021 -.007 -.007
(-1.42) (-1.49) (-1.62)
Age 15-16 yrs -.015 -.004 -.002
(-1.31) (-1.08) (-0.75)
Age 17yrs + .002 -.001 0.0002
(0.14) (-0.13) (0.09)
Notes: All models control for individual characteristics such as age, gender, race, grade and state level factors
which include 6 indoor air laws in venues likely to affect children, per capita funds allocated for tobacco
control, stock of smokers, expenditure on parks and recreations, P.E. credit requirement, stock of exercisers,
median household income, % college educated, teen unemployment rate plus state and year fixed effects.
Cigarette taxes are in dollars.
State-year population for the individual’s gender-age-race from SEER’s data files are used as weights.
z-statistics in parentheses are based on robust standard errors adjusted for clustering at the state level.



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A1.2: Availability of Vigorous Days in the National and State YRBS by State-Year
                              
                       
                                                                                        




Table A1.2 Continued: Availability of Active Days in the National and State YRBS by State-Year
 
                                                                                
                                                                                                
                                                                                               




















































Total 41 45 46 47 44 44 44
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Table A1.3: Full Set of Estimates for the Main Model and Pooled Data, by Outcome
Smoking Participation Vigorous Days Active Days Sports Participation
1991-2005 2005-2017 1991-2005 2005-2017 1991-2005 2005-2017
Cigarette Tax -.028** .001 -.032*** -.018 -.010 -.004
(-2.55) (0.24) (-2.97) (-1.42) (-0.93) (-1.41)
State Controls
Private Sector Buildings .025 .044 .006 -.028 .037 -.027
(0.38) (0.62) (0.23) (-0.77) (0.84) (-0.34)
Government Buildings .014 -.105 .039 -.088*** .231*** -.294**
(0.19) (-0.88) (1.38) (-2.76) (4.83) (-2.01)
Restaurants -.112 .076 -.021 -.072* -.053 .183**
(-1.42) (1.03) (-1.14) (-1.71) (-1.16) (2.09)
Shopping Areas -.027 -.106 -.020 .036 -.141*** -.019
(-0.37) (-1.57) (-1.14) (1.41) (-2.86) (-0.38)
Public Schools .042 .038 -.039** -.224** -.030 -.495**
(0.65) (0.57) (-2.26) (-2.35) (-0.59) (-2.08)
Private Schools -.003 -.111 .036 .144*** .006 .328**
(-0.06) (-0.59) (1.56) (3.93) (0.12) (2.27)
Funds Allocated -.003 -.016 .001 .002 -.007** -.004
for Tobacco Control (-0.64) (-1.33) (0.56) (0.42) (-2.10) (-0.51)
Stock of Smokers .003 .001 .001 -.014*** .001 -.004
(0.26) (0.06) (0.37) (-2.76) (0.08) (-0.41)
Expenditure on Parks -.001 .002*** .0002 -.001** .001 -.001
and Recreations (-0.96) (2.79) (0.63) (-2.05) (0.58) (-1.34)
P.E. Credit Requirements -.012 .165 .008 .040 .053** .189***
(-0.40) (1.65) (0.80) (0.80) (2.30) (3.82)
Stock of Exercisers .008* .001 .0003 .004 -.001 .003
(1.91) (0.18) (0.32) (1.12) (-0.39) (0.34)
Median Household Income -.0008 -.0007 .0002* .00005 -.0002 .0008**
(-1.19) (-1.50) (1.70) (0.36) (-0.54) (2.08)
Teen Unemployment Rate .0001 .001 .003*** .001 -.0003 .003
(0.02) (0.29) (2.68) (0.46) (-0.08) (1.04)
% College Educated -.003 -2.21 -.124 .863 -.661 1.892
(-0.00) (-1.24) (-0.46) (1.09) (-0.92) (1.30)
Table continues on following page.
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Table A1.3 Continued: Full Set of Estimates for the Main Model and Pooled Data, by
Outcome
Smoking Participation Vigorous Days Active Days Sports Participation
1991-2005 2005-2017 1991-2005 2005-2017 1991-2005 2005-2017
Individual Controls
15yrs .331*** .398*** -.017*** -.015** -.068*** .006
(14.94) (13.65) (-3.95) (-2.48) (-4.37) (0.26)
16yrs .714*** .838*** -.080*** -.048*** -.267*** -.107**
(24.11) (24.69) (-8.15) (-6.99) (-8.84) (-2.32)
17yrs .943*** 1.148*** -.123*** -.073*** -.430*** -.220***
(25.68) (27.51) (-10.79) (-10.87) (-10.17) (-3.55)
18yrs & older 1.123*** 1.446*** -.172*** -.102*** -.560*** -.307***
(28.00) (31.21) (-13.72) (-8.61) (-10.43) (-4.00)
Males .034 .180*** .293*** .272*** .548*** .414***
(0.59) (4.22) (23.06) (22.74) (19.61) (14.47)
Black -1.137*** -1.018*** -.154*** -.188*** -.188*** -.130
(-19.96) (-10.67) (-9.49) (-16.79) (-4.00) (-1.54)
Other -.321*** -.304*** -.126*** -.162*** -.375*** -.367***
(-3.52) (-4.90) (-10.72) (-17.92) (-9.36) (-5.52)
10th grade -.172*** -.136*** -.028*** -.029*** .005 -.030
(-8.77) (-5.49) (-3.17) (-6.18) (0.25) (-1.36)
11th grade -.292*** -.244*** -.074*** -.0539*** .012 -.070
(-8.49) (-7.54) (-5.65) (-4.65) (0.35) (-1.60)
12th grade -.340*** -.250*** -.114*** -.075*** -.029 -.152***
(-10.42) (-6.32) (-6.88) (-3.84) (-0.70) (-3.02)
Other/Under grade .164 .448 -.118*** -.085*** -.138* -.146
(0.86) (1.61) (-3.29) (-3.20) (-1.85) (-1.24)
Notes: All models control for state and year fixed effects.
Estimates from models without state specific linear time trends are reported.
State-year population for the individual’s gender-age-race from SEER’s data files are used as weights.
z-statistics in parentheses are based on robust standard errors adjusted for clustering at the state level.































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































EXTREME WEIGHT CONTROL BEHAVIORS IN TEENAGERS AND
THE ROLE OF TOBACCO POLICY
by
Rebecca Sen Choudhury, Karen Smith Conway & Robert D. Mohr
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2.1 Introduction
Young adults, especially females, often become concerned with body weight during adolescence
(e.g., Dohnt and Tiggemann, 2006). The Centers for Disease Control and Prevention (CDC) reports
that 37.6% of adolescents aged 16-19 (and 45.2% of girls) report trying to lose weight in the
prior year (CDC, 2020).21 While many of these attempts involve relatively healthy practices such
as exercise and healthy eating, available evidence suggests that a surprisingly large number of
teenagers report utilizing extreme weight control behaviors (EWCBs) such as fasting, purging (i.e.,
vomiting or using laxatives) or using diet pills. According to the Youth Risk Behavior Surveys
(1999-2013 YRBS) that asked consistently defined questions about such behaviors, an average of
20.8% of girls and 10.2% of boys reported at least one of these behaviors in the past 30 days.22
EWCBs are therefore almost as prevalent as teen cigarette smoking (at 18.1% of girls and 19.9%
of boys in the same surveys) but have received scant attention from health economists.
The severe health consequences associated with EWCBs are well documented in the pub-
lic health literature (e.g., Daee et al., 2002) and by eating disorder advocacy groups (see National
Eating Disorders Association or NEDA). These consequences include nutritional deficiencies (Lar-
son et al., 2009), adverse reactions to diet pills (Or et al., 2019) as well as severe physical (e.g.,
secondary amenorrhea, chronic diarrhea, electrolyte disturbances, cardiac dysrhythmias, hyperten-
sion, renal failure) and psychosocial (e.g., low self-esteem, emotional stress, depression) effects in
teenagers (Selzer et al., 1996; Daee et al., 2002; Nagata et al., 2018; Chaitoff et al., 2019). EWCBs
are linked to an elevated risk for suicide attempts (Crow et al., 2008; Zuromski and Witte, 2015)
and are well-known precursors to eating disorders such as anorexia nervosa or bulimia nervosa
(e.g., Neumark-Sztainer et al., 2011; Levinson et al., 2020; NEDA 2020). Eating disorders are
the third most common chronic illness among adolescents and have among the highest premature
21Statistics come from the 2013-16 National Health and Nutrition Examination Survey (NHANES). Available at: https://www.cdc.gov/
nchs/nhanes/index.htm. Other data sources, including the Youth Risk Behavior Surveys (YRBS) and National Longitudinal Study of Adoles-
cent Health (Add Health) find even higher rates, suggesting that 50%-85% of non-overweight teenage girls engage in weight control behaviors (Seo
and Jiang, 2009; Liechty, 2010).
22Based on authors’ calculations from the State + National YRBS surveys from 1999-2013 using questions that asked if teens used three behaviors
in the last 30 days to manage weight: 1) fasting for at least 24 hours, 2) vomiting or using laxatives or 3) using diet pills, all elaborated in more
detail in section 4. These figures align quite closely to the calculations based on just one state or other years (e.g., Pisetsky et al., 2008; Sutter et al.,
2016; Vidot et al., 2016). Surprisingly, the CDC does not publish statistics on these behaviors and has been criticized from dropping these questions
from the YRBS since 2013, with several US senators and policy advocates requesting the questions be brought back (Harward T.H. Chan School of
Public Health through their initiative Strategic Training Initiative for the Prevention of Eating Discorders (STRIPED)).
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mortality rate of any mental illness (Harris and Barraclough, 1997; NEDA 2020).
Despite their prevalence and potential life-threatening consequences, few government or
public health interventions address these behaviors. Current federal and state regulations on over-
the-counter (OTC) diet pills and laxatives do not target the misuse or abuse of these products (e.g.,
Pomeranz et al., 2013; Pomeranz et al., 2015), and broader policy and legal initiatives targeting
EWCBs and disordered eating in adolescents have been limited (Puhl et al., 2014). The dearth
of policy initiatives targeting EWCBs restricts our understanding of the forces that influence teen
behaviors. Since reduced smoking may lead to weight gain and smoking is another risky behavior
used by teens to lose weight, tobacco policies, specifically cigarette taxes, may be one of the few
policy levers available to address – and understand – EWCBs. Smoking for weight loss is a popular
practice among teenagers (e.g., Cawley et al., 2004; Rees and Sabia, 2010; Cawley et al., 2016)
and public health research shows that teenagers who engage in EWCBs are much more likely to
smoke (e.g., Sutter et al., 2016; Vidot et al., 2016; Simone et al., 2019). If teens use cigarette
smoking to lose weight, instead of or in combination with EWCBs, or if reduced smoking leads to
unintentional weight gain among teens, higher taxes could have spillover effects to EWCBs.
To our knowledge, ours is the first economic study of EWCBs. We construct a theoret-
ical framework and then provide descriptive and econometric evidence of EWCBs, with a focus
on their link to smoking and tobacco policy. We develop a model, in the spirit of Cawley et al.
(2016)’s derived demand model of smoking, that introduces different types of EWCBs and smok-
ing into an adolescent’s utility-maximization problem where one of the desired outcomes is weight
management. Given the appetite suppressant qualities of cigarette smoking, some EWCBs such as
diet pills mimic the effects of smoking while others such as fasting are complemented by smoking.
EWCBs also often have a negligible monetary price, which suggests a possible switch to EWCBs
should cigarettes become too expensive. Our model identifies and clarifies these and other path-
ways for cigarette taxes to affect EWCBs.
Using repeated cross-sectional data from the 1999-2013 National and State YRBS, we
provide empirical evidence on the prevalence and patterns of EWCBs and explore the effect of
tobacco policies and other factors on both EWCBs and teen smoking. Our results suggest that teen
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smoking is decreased by cigarette taxes, especially for girls and including those who report trying
to lose weight. This decrease sets the stage for possible spillover effects to EWCBs, for which we
also find consistent evidence. Specifically, our main estimates suggest that a one dollar increase
in cigarette taxes is associated with a 1.1 percentage point increase in EWCB participation. While
modest, it is a nontrivial increase given the overall sample prevalence of 15.5% and potentially
dire health consequences. The effects carry over to specific behaviors, especially diet pill use and
fasting, and to the number of EWCBs. Our results therefore suggest that tobacco policies could
have unintended, negative consequences on adolescent health via EWCBs that may ameliorate the
desired benefits of reduced smoking. At the same time, finding that these behaviors respond to any
policy lever underscores and informs the need to design policies to curb EWCBs in adolescents.
2.2 Background
EWCBs have been studied extensively in other disciplines (e.g., health psychology, epidemiol-
ogy, public health) but overlooked in economics. Substantial evidence from multiple data sources
suggests that EWCBs are relatively common among teenagers, particularly females (e.g., Forman-
Hoffman, 2004; Neumark-Sztainer et al., 2006; Neumark-Sztainer et al., 2011; Stephen et al.,
2014). Studies show higher prevalence of these behaviors among overweight adolescents and those
with body weight dissatisfaction or poor body image (e.g., Boutelle et al., 2002; Neumark-Sztainer
et al., 2006; Talamayan et al., 2006; Liechty, 2010). Athletes, especially females, are also more
likely to engage in EWCBs, putting them at risk of developing eating disorders (e.g., Rauh et al.,
2010; Martinsen and Sundgot-Borgen, 2013). Differences by race or ethnicity in the propensity to
engage in EWCBs are modest and vary by the type of behavior (Bucchianeri et al., 2016; Rodgers
et al., 2017).
Adolescents engaging in EWCBs are at increased risk for a range of other health-
compromising behaviors that include substance use and, specifically, smoking (see Potter et al.,
2004; Eichen et al., 2012; Vidot et al., 2016; Simone et al., 2019 for reviews). Although prior liter-
ature shows a clear correlation, it neither establishes a causal connection nor uses policy variation
to identify spillovers across behaviors. Research in this area often notes the policy implication
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that clinicians and educators should be aware of the link between EWCB and substance use (e.g.,
Haley et al., 2010), but does not explore how policy might affect the connection between EWCBs
and substance use, including tobacco.
Policy initiatives targeting EWCBs and disordered eating patterns in adolescents have
been limited. Only one state, Virginia, requires schools to provide eating disorder education (Puhl
et al., 2014). Elsewhere, interventions or wellness programs targeting either disordered eating,
obesity prevention, or both, are inconsistently implemented (Kenney et al., 2017; Green and Venta,
2018). Programs that focus on weight status and weight loss instead of healthy dietary habits
may unknowingly aggravate the problem of weight stigma and unhealthy weight control practices
(Sánchez-Carracedo et al., 2012; Kenney et al., 2017). Federal and state regulations on OTC diet
pills and laxatives are almost nonexistent (Pomeranz et al., 2015). Most diet pills are marketed
as dietary supplements, which are not required to be pre-screened for safety and effectiveness by
the U.S. Food and Drug Administration (FDA).23 Consequently, minors can access these products
without physician or parental guidance, and their use by teenagers has resulted in life-threatening
and even deadly adverse reactions (Herriman et al., 2017; Or et al., 2019). Since 2017, Illinois,
Massachusetts and New York have proposed but not yet enacted legislation prohibiting the sales
of diet pills and/or dietary supplements to minors.24 In addition, California prohibits coaches from
giving laxatives to young athletes (Pomeranz et al., 2013). While most diet pills are marketed as
supplements, teenagers may also be able to access Orlistat, the only FDA-approved OTC weight
loss medication. Orlistat is approved only for adults, but its purchase requires no age or weight
verification, creating a possibility for abuse by teens (Pomeranz et al., 2013).
Given the lack of policy initiatives targeting EWCBs, cigarette taxes become one of the
few avenues available to study how EWCBs respond to policy. Teenagers consistently report view-
ing cigarette smoking as one pathway to losing weight (e.g., Cawley et al., 2004; Cawley et al.,
2016; Chao et al., 2019). This contention finds support in the medical literature. Nicotine sup-
presses appetite and raises the metabolic rate which increases energy expenditure (e.g., Chiolero
231994 Dietary Supplement Health and Education Act.
24Illinois House Bill 3948 (2019-2020), Massachusetts House Bill 1195 (2017-2018), and New York Senate Bill 10138 (2019-2020). Another
policy change would be to tax diet pills. Using price and consumption data, Austin et al. (2018) simulates the effects of a tax on OTC diet pills and
powders and finds it could substantially decrease the purchase of these products in households with teenagers.
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et al., 2008; Mineur et al., 2011; Chao et al., 2019). Economic studies using structural models
to examine the causal effect of smoking on body weight in adults find evidence that smoking
decreases BMI (Wehby et al., 2012; Pieroni and Salmasi, 2015; Courtemanche et al., 2018), a
conclusion supported by medical studies monitoring weight after smoking cessation (Chao et al.,
2019). Overall, abundant evidence suggests that smoking can help control weight.
The few economic studies that investigate the causal association between body weight,
body image and smoking behavior in adolescents produce results consistent with adolescents
smoking to control weight. Using longitudinal data, Cawley et al. (2004), Cawley et al. (2006)
and Rees and Sabia (2010) all provide evidence that female adolescents who either are, or per-
ceive themselves as, overweight or are trying to lose weight are more likely to initiate smoking.
Yoon and Bernell (2016) use 2005-13 YRBS data and find a similarly strong association between
overweight perception and smoking.
Assuming that cigarette taxes reduce smoking and that smoking may control weight, a
number of studies explore the reduced form relationship between cigarette taxes and BMI (e.g.,
Chou et al., 2004; Rashad and Grossman, 2004; Gruber and Frakes, 2006; Courtemanche, 2009;
Nonnemaker et al., 2009; Mellor, 2011). These studies focus on adults, with the exception of
Mellor (2011) who investigates the effects on BMI in children ages 2 to 11 presumably through
parental behaviors. Only a few studies establish a link between tobacco policy and specific weight
control behaviors. Conway and Niles (2017) and Sen Choudhury and Conway (2020) explore the
connection between cigarette taxes and physical activity; Dragone et al. (2013) and Dragone et al.
(2016) link tobacco policy to caloric intake and diet quality.
Especially relevant to our research is Cawley et al. (2016), which provides a theoretical
model, supported by empirical evidence, of a derived demand of smoking for weight loss. In
this model, a teenager’s choice to smoke depends on the perceived effectiveness of smoking as a
weight management tool. An implication is that the responsiveness of smoking to tobacco poli-
cies depends upon concerns about, and perception of, body weight. Building from Cawley et al.’s
insight, that smoking is an input into a weight management production function, we show that to-
bacco policies could have spillover effects to EWCBs. Our model recognizes that fasting, purging
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and using diet pills may differ in the degree to which they act as complementary inputs to cigarette
smoking in controlling weight.
2.3 A Model of EWCBs, Smoking and Weight Management
Our model, based loosely on Cawley et al. (2016), illustrates the trade-offs for a teen who uses
smoking and EWCBs as inputs into the production of weight management. In this setting, the
cross-partial derivatives have special relevance. For example, smoking, which suppresses appetite
and serves as a stimulant, might enhance a teen’s ability to fast. Using the terminology of Hicks
(1970), smoking and fasting are q-complements if the cross-partial derivative for these two inputs
in the weight management production function is positive. The two inputs are p-complements
if an increase in the cigarette price decreases the demand for fasting; they are p-substitutes if it
increases the demand for fasting. While the definitions of q- and p-complements (substitutes) are
related, inputs can simultaneously be q-complements and p-substitutes. We contend that smoking
is likely to be a stronger q-complement to fasting than for other EWCBs such as diet pills, which
act in similar ways as smoking (suppressing appetite, increasing metabolism). Our model shows
that the signs of both the substitution and income effects are theoretically ambiguous but influenced
by whether the EWCB has a positive price and is a q-complement or q-substitute to smoking in
weight management.
Assume that a teenager has separable preferences characterized by the following strictly
concave utility function:
U(s,x,c) = αV (s,x,c)+βH(s,x,c)+δW (s,x,c) (2)
Here, V, H and W signify consumption utility, health and weight management, respectively, and
each are defined to have positive marginal utilities (α, β, δ >0). To manage weight, teenagers can
combine smoking (s), EWCBs (x), and more typical activities such as healthy eating and exercise
(c). All three may affect H and V as well; smoking and EWCBs negatively affect health, and some
EWCBs negatively affect consumption utility, while smoking presumably has a positive effect.
For simplicity, we assume separability, so the teenager values weight management, but does not
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further value weight management as an input into health. The teenager maximizes utility subject
to a standard budget constraint, m – pss – pxx – c = 0, where the price of c is normalized to 1.0 and
reflects the time and resource costs of c. Some EWCBs, like purging or fasting, may have a price
of zero.
The first-order condition of the constrained maximization problem with respect to each
choice variable takes the form:
Ui −λpi = 0 whereUi = αVi +βHi +δWi and i = s,x,c (3)
Subscripts denote partial derivatives, where Wi >0 for all three weight management strategies, and
Hi<0 for smoking and EWCBs (x). Teenagers who use x balance the marginal benefit of weight
management against the sum of marginal health costs, marginal disutility and, for behaviors with
a positive price, the product of the marginal utility of income and price. For example, the decision
to purge balances the negative consumption utility and health effects against the benefits to weight
loss – i.e., for the teenager who chooses to purge, Ux = αVx + βHx + δWx = 0, since the price of
purging is zero.
Our empirical analyses explore the effect of cigarette taxes, which increase the price of
smoking, ps, on x. Since teenagers consider a menu of weight management strategies, this rela-
tionship depends in part on the degree to which they view x as complementary to other inputs to
weight-management; two inputs are q-complements if Wij >0. The model allows for a full range
of interactions in both consumption utility and health; for example, smoking suppresses appetite
and therefore may affect the consumption disutility of fasting. Here we highlight the interactions
on weight management production and limit our discussion to the case where the cross partial of
the utility function, Uij, and Wij have the same sign.
A Slutsky decomposition shows how cigarette prices (or taxes) might affect EWCBs













c)−Usc(Uxs + psUxc)+ psUccUxs +Uss(Uxc −Ucc px)
D
s,
and D<0 by second order conditions, (4)
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where xh is the compensated (Hicksian) demand; the Appendix contains derivations and additional
discussion. Equation (4) reveals that both the substitution effect (
∂xh
∂ps




are theoretically ambiguous. However, some insights emerge by recognizing that both effects rely
in part on two features that differ across the EWCBs we consider: 1) if x and s are q-complements
or substitutes (i.e., Uxs is positive or negative), and 2) whether x has a monetary cost.
To focus on these features, we abstract from the interaction effects with other behaviors c




λ(Uxs + ps pxUcc)
D
− psUccUxs −UssUcc px
D
s, where D < 0 (5)
If px=0, which is likely the case for fasting and vomiting, then the effect of cigarette prices is
driven entirely by whether x and s are q-complements or q-substitutes. If they are q-complements
(Uxs>0), then both substitution and income effects are negative and an increased cigarette tax
decreases x – i.e., they are p-complements as well. Fasting best fits this special case. The opposite
occurs if they are q-substitutes – both effects are positive and a cigarette tax increases x. This result
matches our intuition – we would expect EWCBs that are used with (instead of) smoking in weight
management to decrease (increase) when the price of smoking increases. If x has a monetary cost,
which is likely true for diet pills and laxatives, the second terms in both effects come into play.
Having px>0 increases the substitution effect (
λ(ps pxUcc)
D








We apply these insights to predicting the effects of cigarette taxes on the EWCBs con-
sidered in our empirical analyses. Diet pills which mimic the stimulant and appetite-suppressing
effects of smoking, are a likely q-substitute with a nonzero price; while the income effect is the-
oretically ambiguous, the positive substitution effect suggests that
∂x
∂ps
>0. In contrast, smoking
suppresses appetite and increases metabolism, helping a teenager to fast. Fasting is therefore at




taxes decrease fasting). Purging falls in between as it seems unrelated to s in the weight production
function and may (laxatives) or may not (vomiting) have a price.
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While these theoretical implications are intuitively appealing, they require strong assump-
tions. Our discussion ignores the interactions with c and focuses only on the weight management
(W) component of the utility function (i.e., we have ignored the interaction effects on H and V,
thereby assuming they are either negligible or the same sign as W’s). This model also assumes a
single EWCB, x, where in fact teenagers have a menu of options that are similarly related. For
example, diet pills seem likely to be used in conjunction with fasting. Rather than high cigarette
prices reducing both smoking and its q-complement fasting, they may instead lead the teenager to
switch to using diet pills with fasting. And, if diet pills are a particularly effective q-complement,
this switch could encourage increased fasting. More broadly, this model assumes that teenagers
are intentional and fully rational in their use of smoking and EWCBs to manage their weight. An
alternative approach would model weight gain as an unintentional consequence of a tax-induced
reduction in smoking. This exogenous weight gain increases the benefits to weight loss behaviors,
including EWCBs. This less intentional, more sequential view of youth behavior also suggests
that EWCBs are likely to increase as a result of taxes,
∂x
∂ps
>0. In sum, our basic model returns
theoretically ambiguous spillover effects on EWCBs and suggests that specific EWCBs, such as
fasting or diet pills, may be affected differently. Several scenarios suggest a likely positive effect,
but we cannot rule out a zero or negative one. The spillover effects therefore remain an empir-
ical question and may differ across EWCBs, which is why our empirical analyses consider both
summary measures and the individual behaviors in isolation.
2.4 Data, Measures and Empirical Methods
Our study draws individual level data from the 1999-2013 National and State Youth Risk Behav-
ior Surveys (NYRBS & SYRBS). The surveys are coordinated every other year by the CDC and
are administered to high school students at school in the spring. These are among the most com-
monly used data sets in youth health behavior research and are the only large-scale, nationally
representative US data that includes teen EWCBs.25 As discussed further below, however, the
25While the National Health and Nutrition Examination Survey (NHANES) includes questions on EWCBs, its focus is on respondents 18 years
and older. The other dataset widely used to study teen behaviors, the National Longitudinal Study of Adolescent Health (Add Health), also includes
EWCB questions but has a limited time frame and lacks geographic identifiers. Other data used in past research are case studies and/or limited to a
single state, the most notable being Project Eat, a longitudinal study started in 1998-99 in Minneapolis-St. Paul.
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EWCB questions are only asked consistently in the 1999-2013 surveys, which dictates the length
of our sample. Recent studies combine the restricted-use State YRBS with the National YRBS
(e.g., Hansen et al., 2017; Sabia et al., 2017; Dave et al., 2019). The SYRBS has the advantage of
being representative at the state level and having a much larger number of observations (thousands
compared to hundreds per state-year in the NYRBS). Combining the two also helps address the
limitation that not all 50 states contribute to the YRBS (National or State) in any given survey year.
For 1999-2013, only 5 states appear in every year of the NYRBS and no state appears in every year
of the SYRBS. Combining the NYRBS and SYRBS yields 339 state-years out of a possible 408
(=8 survey years x 50 states + D.C.), compared to only 218 and 264 for each separately. The
specific state by year availability of the EWCBs is shown in Appendix Table 2.1.
A limitation of the YRBS is that it includes no household-level data, only the respondent’s
characteristics. In both our descriptive and econometric analyses, we exclude observations with
missing information on student age, gender, race or grade. We also exclude respondents younger
than 14 years of age as they are extremely young for high school and are likely outliers (Hawkins
et al., 2016). Other than these exclusions, we use the largest possible sample for each analysis.
2.4.1 Key Outcomes
In our conceptual framework, the primary avenue for cigarette taxes to affect EWCBs is by re-
ducing teen smoking. Here we describe the key measures of smoking, weight perceptions, and
EWCBs and explore the relationships between them.
Smoking. The smoking outcomes are created from teenagers’ responses to
“During the past 30 days, on how many days did you smoke cigarettes?”
Following Carpenter and Cook (2008) and Hansen et al. (2017), Smoking Participation is an indi-
cator variable equaling 1.0 if the respondent reports any days of smoking, and Frequent Smoking
equals 1.0 if the respondent smoked 20 or more days.26 Table 2.1 reports the summary statistics of
the key measures in the study and shows that 18.9% report smoking at least once and 7.9% smoke
26The YRBS also asks how many cigarettes were smoked on the days the respondent smoked. However, both the number of days and number of
cigarettes are coded as categorical variables, which makes creating more continuous measures of smoking difficult.
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frequently. Smoking prevalence is slightly higher among males than females. As has been docu-
mented extensively, teen smoking rates fell dramatically during this time, from 32.85% in 1999 to
12.87% in 2013.
Weight perception and concerns. The YRBS asks the following questions related to weight:
“How do you describe your weight?”
“Which of the following are you trying to do about your weight?”
Responses to the first are ‘Very underweight,’ ‘Slightly underweight,’ ‘About the right weight,’
‘Slightly overweight’ and ‘Very overweight.’27 The answers to the second include ‘Not trying
to do anything,’ ‘Maintain weight,’ ‘Lose weight’ and ‘Gain weight.’ About 30% perceive
themselves as overweight, with females (35.1%) much more likely to describe themselves as
overweight compared to males (23.9%). Females are also far more likely to report trying to lose
weight (59.6%) than males (30.1%).
Extreme Weight Control Behaviors (EWCBs). While the YRBS asked questions about different
EWCBs beginning in 1991, the questions are not asked in a consistent manner and do not include
fasting until 1999.28 No EWCB questions are asked in the 2015 and 2017 NYRBS and only a few
states ask them in the SYRBS. We therefore limit our analyses to 1999-2013, during which the
YRBS asks three questions about different EWCBs, each with the same preamble referring to the
past 30 days:
“During the past 30 days. . . ”
–“did you take any diet pills, powders, or liquids without a doctor’s advice to lose weight
or to keep from gaining weight?” (Diet Pill Use)
–“did you vomit or take laxatives to lose weight or to keep from gaining weight?” (Purg-
ing)
27Very few respondents describe themselves as ‘Very overweight’ or ‘Very underweight,’ so we create broader categories ‘Underweight’ and
‘Overweight.’
28Between 1991-97, the YRBS asks about diet pill use and vomiting/use of laxatives but it does not ask about fasting behavior. Furthermore, the
1991 and 1993 surveys’ questions on diet pills and vomiting are different and the surveys do not ask about laxative use.
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–“did you go without eating for 24 hours or more (also called fasting) to lose weight or
to keep from gaining weight?” (Fasting)
All three questions explicitly link the behavior to efforts to lose or manage weight; this distinction
is crucial for Fasting, as individuals may fast for other reasons (e.g., religious). In addition to
indicators for each EWCB, we also create Any Method, an indicator variable equaling 1.0 if the
teen reports participating in any EWCBs, and Number of Methods, which ranges from 0 to 3.
15.5% of the teens report participating in any EWCB and the incidence among females (20.8%)
is more than twice that of males (10.2%). EWCBs are therefore more common than smoking
(18.1%) among females. Females also outnumber males in the number of EWCBs, as well as in
the prevalence of each individual behavior. Fasting is the most common EWCB, with a prevalence
higher than Purging and Diet Pill Use combined. This pattern makes sense in the context of our
theoretical framework; Fasting has a zero price and likely has fewer health and disutility costs than
the other EWCBs.
The prevalence of EWCBs is fairly stable during our sample, although Diet Pill Use shows
some evidence of a decline (see Figure 2.1). As shown in Appendix Figure 2.1, EWCBs also do not
display a strong geographic pattern, except for a higher prevalence in central, southern states.29 As
the availability of data on teen EWCBs is quite limited in general and essentially absent in recent
years, we use Google Trends to both explore the saliency of these tendencies and provide evidence
since 2013. Performing a Google Trends analysis of searches on EWCBs suggests modest, steady
growth from 2004 (when the data start) to 2013, with a much more substantial increase in the last
few years (Appendix Figure 2.2). The prevalence by state is strikingly similar, with Alabama,
Arkansas, Kentucky, Louisiana, Mississippi, Oklahoma and West Virginia in the top 10 and a
strong, positive rank correlation with the YRBS state averages.30
Since Table 2.1 shows that using more than one EWCB is not uncommon, we provide
a visual sense of the overlap between the three behaviors in Figure 2.2. Fasting is both the most
29Because the YRBS is not available in every state-year, Appendix Figure 2.1 reports the prevalence for the only year (2005) in which nearly
every state either has data or has data in the two adjacent surveys (2003 and 2007, which were then averaged). Only Washington, D.C. does not
have data.
30Our Google Trends analysis was conducted on August 28, 2020 and used “vomiting + laxatives + diet pills + fasting + to lose weight” over the
entire available time period (January 1 2004 to end date). Google Trends tracks the prevalence of internet searches and is placed on a scale of 100.
It cannot distinguish between different users and so it reflects the overall population doing online searches. These differences make the similarity
between it and the YRBS all the more striking.
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prevalent and the method most likely used in isolation. In contrast, Purging is the least common but
of those teens who purge, more than two-thirds also use another method. Diet Pill Use is slightly
more common and is also often used with another method, especially Fasting, which makes sense
given the appetite suppressant quality of diet pills. These patterns are similar across girls and boys.
Finally, we explore how smoking is related to EWCBs in Figure 2.3. Consistent with
past research that finds teen risky behaviors tend to cluster together, smokers are far more likely to
engage in EWCBs than nonsmokers. This pattern holds across both genders and all three behaviors.
Even though smoking seems most likely to facilitate Fasting (i.e., they are q-complements), the
relative tendency of smokers to engage in Purging and Diet Pill Use is stronger.
2.4.2 Evidence on smoking ‘for weight loss’ from NYPANS
Our theoretical model of EWCBs assumes that one goal of smoking is to manage weight (although
spillovers also seem likely in a simpler model where weight gain is an unintended effect of re-
duced smoking). Unfortunately, the YRBS does not ask students if they are smoking ‘to lose
weight’ or for any other reason. To explore if this behavior in fact exists, we utilize the National
Youth Physical Activity and Nutrition Study (NYPANS), a one-time, nationally representative sur-
vey conducted by the CDC in 2010 to complement the YRBS. The NYPANS includes the same
information on EWCBs, smoking and body weight perception and concerns as the YRBS and also
asks if teens smoke for weight loss.31 It further provides measured (not self-reported) BMI (and
BMI percentile), which allows us to identify those who are (in)correctly identifying themselves as
overweight.
Descriptive statistics from the NYPANS are represented in Figure 2.4. Of the 26% of
teens who report smoking, 19.92% report smoking for weight loss. Figure 2.4 further shows how
this percentage varies by gender, age, body weight perception and EWCBs and provides evidence
that smoking for weight loss is thus reasonably common among smokers, especially among those at
higher risk of EWCBs. Because overall smoking rates vary by these characteristics too, the figure
31While similar, the prevalence of EWCBs is lower and of smoking is higher in the NYPANS versus the YRBS. Specifically, 23.93% (27.52%)
of girls (boys) smoke and 13.79% (10.82%) engage in EWCBs. As in the YRBS, fasting is the most common (at 9.56% and 7.2% for girls and
boys) and purging is the least common at 4.08% (3.02%). The strong tendency of girls to report themselves as overweight (36.98% vs 25.82% for
boys) and trying to lose weight (60.54% vs. 33.81% for boys) carries over to the NYPANS as well.
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also reports the percentage of the total sample (including nonsmokers) that smokes for weight loss
in parentheses. Among smokers, the proportion who do so for weight loss does not vary much
by gender. Not surprisingly, the prevalence is higher among teens who perceive themselves as
overweight and even higher among those who misclassify themselves as overweight. Central to
this study, the rates of smoking for weight loss are much higher for teens who engage in EWCBs
and increase with the number of EWCBs. The high rates of smoking in this group further mean that
the overall fraction of teens who smoke for weight loss is quite high for this group; e.g., 62.8% of
all teens who use 3 methods also smoke to lose weight. The NYPANS therefore provides evidence
that some teens do indeed smoke to lose weight, especially among those who are also engaging in
EWCBs, consistent with our conceptual framework.
2.4.3 Empirical Strategy




), we combine the repeated cross-sections of individual level data from the NYRBS and
SYRBS between 1999-2013, to estimate the following equation(s):
Yist = β0 +β1Cigtaxst +β2Zst +β3Rst +β4Xist +λs + γt +αst + εist (6)
Here, i indexes individual, s indexes state and t indexes year. Yist is a measure of EWCBs. Cigtaxst
is the cigarette tax (in dollars per pack) in the individual’s state of residence and is the main
measure of the cost of cigarettes.32 The period 1999-2013 is especially relevant for studying
the price sensitivity of the demand for cigarettes and plausible spillover effects of cigarette taxes
because they increased substantially, from an average of $0.40 per pack in 1999 to $1.49 in 2013.
The cross-state variation also grew during this period, from a minimum (maximum) of $0.025
($1.00) to $0.17 ($4.35).
This period coincides with the aftermath of the Master Settlement Agreement (MSA) of
1998, in which much of the settlement money was spent in preventing teenagers from smoking
32We follow Carpenter and Cook (2008) in using the cigarette tax as of March 31st from the Tax Burden on Tobacco since the YRBS is conducted
in the spring. In robustness checks, we alternatively use the inflation-adjusted price of cigarettes.
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and restrictions were imposed on the sales and marketing of tobacco to youth. The MSA required
tobacco companies to make public confidential documents, which confirmed the industry’s long-
time practices of marketing cigarettes for weight loss, especially to young women, and adding
appetite suppressants and anti-appetite agents into cigarettes (Pierce and Gilpin, 1995; Carpenter
et al., 2005; Gonseth et al., 2012). Zst is a vector of other variables that may affect teen tobacco
use, including per capita MSA funds allocated for tobacco control, as well as indicators for clean
indoor air laws (following Carpenter and Cook, 2008; Hansen et al., 2017) and the percentage of
adults who smoke. During this time period e-cigarettes had not yet become popular among teens
(Simon, 2018) and should not have confounding effects.
The 1999-2013 period also witnessed the growth of school-based anti-bullying laws and
access to the internet, both of which could influence EWCBs. Disordered eating patterns and un-
healthy weight loss behaviors in teens are strongly correlated with weight related bullying (e.g.,
Haines et al., 2006; Menzel et al., 2010). Starting with Georgia in 1999, 49 states had anti-bullying
legislation in place by 2013. The rapid growth in social media affected the information available to
teens. For example, pro-anorexia websites and related online communities proliferated during this
time period (Custers and Van den Bulck, 2009; Juarez et al., 2012; Rodgers and Melioli, 2016).
Rst controls for such factors by including an indicator for anti-bullying laws and the percentage
of households with broadband access. It also includes the state teen unemployment rate, median
household income and the percentage of the adult population with a college education. This ex-
panded list of state controls Zst and Rst, described further in Appendix Table 2.2, captures both the
factors typically included in teen smoking models as well as those we suspect may affect EWCBs.
Past research provides little guidance into the state level factors that may affect teen EWCBs, and
measuring additional ones we suspect may matter is quite challenging (e.g., changes in the prices of
diet pills, school policies for reporting students’ BMI). We therefore acknowledge that Rst is likely
incomplete and control for other factors with state-specific time trends, αst, and check whether
their inclusion is necessary to pass a falsification test. The vector Xist denotes individual charac-
teristics including age, gender, grade and race/ethnicity. λs and γt represent state fixed effects and
year fixed effects respectively and εist is a disturbance term. All binary outcomes are estimated
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using logit, and count outcomes are estimated using negative binomial regression.
2.5 Results
Our analyses begin with estimating models of smoking behavior to confirm past research that finds
teen smoking responds to cigarette costs, which is the primary mechanism for spillover effects
on EWCBs. We follow the extensive teen smoking literature in using Smoking Participation and
Frequent Smoking as the dependent variables and in our choice of explanatory variables, which
means we include tobacco policies but few other state controls beyond the teen unemployment
rate.33 We further explore if teens who report themselves as overweight or report trying to lose
or maintain their weight (those at risk for EWCBs) are likewise responsive to cigarette taxes. Our
analyses then turn to the EWCB measures, performing robustness checks and falsification tests,
and investigating differential effects across groups.
2.5.1 Teen Smoking
Table 2.2 presents the estimated marginal effects of cigarette taxes from logit models on Smoking
Participation and Frequent Smoking across different groups. These results suggest a negative effect
of taxes on both measures. The estimated effects are larger and more statistically significant for
females than males, a finding consistent with Sen Choudhury and Conway (2020). As in Hawkins
et al. (2016), younger teens are more price-responsive than older ones, especially for participation.
The results for Frequent Smoking, however, suggest that cigarette taxes may reduce smoking by
older teens along more intensive margins.
The rest of the table presents the marginal effects for different groups of teens based on
their body weight perception and weight management activities. This exercise provides illustrative
evidence for one presumed mechanism for spillover effects to occur – that teens who are likely to
smoke at least in part for weight management respond to cigarette costs. However, we recognize
the possible selection bias caused by stratifying the sample in this way and interpret the results
with caution. These analyses suggest that teenagers who seem most at risk for EWCBs – those
33Expanding (reducing) the controls yields similar estimated effects although, as expected, weaker (stronger) statistical significance.
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who report being overweight or that they are trying to lose or maintain weight – have similar
responses to cigarette taxes as other teens.
These estimates are therefore consistent with past work that finds cigarette taxes reduce
teen smoking, especially among younger teens. Moreover, the relatively modest statistical signif-
icance is consistent with Hansen et al. (2017) who finds, using more recent years of the YRBS,
that cigarette taxes seem to have lost their ‘bite.’ Our results further show that those who are over-
weight or are trying to lose or maintain weight similarly respond to cigarette taxes. Finally, we
note that these analyses do not consider other margins of adjustment, such as the number or inten-
sity of cigarettes smoked. Finding an effect here is thus a sufficient but not necessary condition for
possible spillover effects to EWCBs.
2.5.2 Teen EWCBs
Table 2.3 reports the estimated effects of cigarette taxes for all five EWCB measures and also
separately by gender; the full set of results for Any Method and Number of Methods are reported
in Appendix Table 2.3. These results suggest that cigarette taxes increase the use of EWCBs – i.e.,
that smoking and EWCBs are p-substitutes. This finding aligns with our conceptual framework
in Section 2.3 in which smoking and EWCBs are alternative methods for weight management and
also with our smoking estimates (Table 2.2) which suggest that cigarette taxes reduce smoking,
especially for girls and including for those trying to lose weight. The estimates further suggest
(weakly) positive effects on each type of EWCB and, in fact, find Fasting (which is likely a q-
complement) to be the most strongly affected by the tax. This result may be due to the greater
prevalence of fasting in the data, lending more statistical power. It is also consistent with a simpler
model in which reduced smoking leads to an unexpected weight gain. If fasting is viewed as the
least harmful or costly, then we would expect it to increase most. The rarest EWCB (Purging) is
the least affected. We revisit this issue and the differences across the methods in Section 2.5.4.
Overall, these estimates suggest that a $1 increase in the cigarette tax increases the probability
of engaging in any EWCB by 1.1%, a nontrivial increase relative to the sample mean of 15.5%.
Moreover, with the exception of Diet Pill Use, the spillover effects are strongest for girls, the same
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group whose smoking behavior appears most strongly affected.
The full results (Appendix Table 2.3) suggest that aside from cigarette taxes, few state-
level factors have a consistent effect. Those with suggestive, negative effects include public bans
at private sector buildings and percent college educated (especially for girls), while the stock of
smokers has a consistently positive, although not quite statistically significant, effect. Individual
characteristics strongly matter. EWCBs increase with age, and racial differences emerge that are
distinct by gender. Compared to White or Hispanic females, Black females are less likely to engage
in EWCBs and Other Race/Ethnicity females are more likely. For males, whites are the least likely
to engage in EWCB’s of all groups, and Other Race/Ethnicity is the most likely. We explore
whether the spillover effects differ by these characteristics in Section 2.5.4.
These models include state-specific time trends to address any possible deficiencies in our
state-level controls due to the lack of existing evidence for EWCBs regarding key state-level fac-
tors. We therefore investigate whether state-specific time trends are necessary to pass falsification
tests. The falsification tests include the two-year lead of cigarette taxes instead of or, alternatively,
in addition to the current tax. Appendix Tables 2.4 and 5 report these tests for all five EWCB
measures, both with and without state-specific linear time trends. Most models without trends
fail the falsification tests (i.e., the two-year lead is statistically significant – even when the current
tax is also included), whereas all easily pass when time trends are included. These tests therefore
indicate that state-specific time trends are crucial, and we retain them in all specifications going
forward.
2.5.3 Robustness checks
We investigate the saliency of our findings by estimating a range of alternative specifications,
summarized in Table 2.4. We first verify that estimating the models with OLS or using real cigarette
prices instead of cigarette taxes produces similar results. Second, we investigate further the role
of state controls and state-specific time trends by including quadratic state-specific time trends
or, alternatively, limiting the state level controls included. These exercises yield similar results,
consistent with our conjecture that the typical, observable state factors are much less influential
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than unobservable ones and that including state-specific, linear (only) time trends is both required
and sufficient.
We also explore how we use the combined NYRBS and SYRBS. As noted earlier, recent
studies tend to combine the two surveys; however, these studies vary in whether they weight the
data or not. The weights provided by the YRBS are not designed for use with the combined data
so those that do weight tend to use the state-year population for that individual’s gender-age-race
(e.g., Anderson, 2010; Dave et al., 2019).34 Applying these weights leads to estimates that are
positive, but smaller in magnitude and weaker in terms of statistical significance.
The last robustness check verifies that our results are not overly influenced by a particular
state. We alternatively drop each state from the sample (“jack-knifing”) and re-estimate the Any
Method and Number of Methods models for the pooled sample. As shown in Appendix Figure 2.3,
the point estimates are stable and centered around those in Table 2.3. The level of statistical sig-
nificance is also stable, with the effects for Any Method always statistically significantly different
from zero, and those for Number of Methods being marginally so. Our findings are therefore robust
to excluding any state in the sample.
2.5.4 Heterogeneous effects
The effects of cigarette taxes on smoking differ by age and gender (Table 2.2), and age, gender,
and race/ethnicity strongly affect the likelihood of participating in EWCBs (Appendix Table 2.3).
Both suggest that the spillover effects may vary across these different sub-groups.
Table 2.5 summarizes the effects of cigarette taxes when the sample is stratified by gen-
der, age, race/ethnicity and sports team participation. Stratifying by age suggests that the strongest
spillover effects occur for the middle group, aged 15-16 years. This result is intuitive because the
price-responsiveness of smoking participation declines with age (Table 2.2) while the likelihood of
engaging in EWCBs grows (Appendix Table 2.3; see also Neumark-Sztainer et al., 2006). Teens
aged 15-16 are both more likely to reduce their smoking when the price increases and to be engag-
34State-year population for the individual’s gender-age-race is from SEERs-Surveillance, Epidemiology, and End Results Program - a source
for cancer statistics in the United States population-https://seer.cancer.gov/are used as weights. The weights provided by the NYRBS
(SYRBS) are designed for making the National (State) YRBS nationally representative (representative of the individual state), not for combining
the two surveys together. More generally, while weighting can improve descriptive statistics, their use in estimating causal effects is less clear (e.g.,
see Solon et al., 2015).
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ing in EWCBs than others. Racial differences are once again distinct by gender and mirror those
found for the likelihood of engaging EWCBs. Among females, the estimated effects are strongest
for whites, whereas for males they are strongest for Blacks. Few statistically significant effects
exist for the other racial/ethnic groups although all are positive.
Past research suggests that athletes exhibit symptoms and behaviors such as binge eating
and EWCBs that place them at a high risk for eating disorders (e.g., Baum, 2006; Rauh et al., 2010;
Martinsen and Sundgot-Borgen, 2013). To investigate this group of teens, we stratify the sample by
participation on a sports team, but – similar to the weight perception and behavior stratification for
smoking – acknowledge this choice is endogenous and may cause selection bias. With that caveat
in mind, the results suggest stronger effects for male athletes vs non-athletes, but little difference
between the two groups for females.35
We also probe deeper into possible differences across the three behaviors by estimating
them via Seemingly Unrelated Regression (SUR). SUR facilitates testing if the effects are equal
across behaviors as well as testing for joint and mean effects. The estimated residuals across
behaviors have positive correlations that are statistically significant at the 1% level, lending support
to using SUR and allowing for covariances in such tests. We follow Kling et al. (2007) and Dave
et al. (2019) and standardize each outcome before estimating.36 The coefficient estimates and
hypothesis tests are reported in Table 2.6. For the pooled sample and each gender, we soundly
reject the hypothesis that the individual effects are jointly equal to zero and the hypothesis that the
average effect is equal to zero. The estimated average effect is actually quite similar across the
groups. However, we also strongly reject the hypothesis that the effect on each behavior is equal.
This conclusion is not surprising given the point estimates which suggest that Purging and Fasting
are more affected for girls whereas Diet Pill Use is more affected for boys.
35Recall that this exercise explores if the spillover effects differ by athlete status, not whether being an athlete affects the likelihood of engaging
in EWCBs. In descriptive, ancillary models, we add sports team participation as an explanatory variable and find that it is associated with a lower
probability of engaging in EWCBs.
36Because the explanatory variables are the same across outcomes, the estimated coefficients (and standard errors) are identical to OLS estimates.
They therefore are different from the logit estimates reported in Table 2.3.
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2.6 Conclusion
This research investigates extreme weight control behaviors (EWCBs), defined here as diet pill
use, purging or fasting to lose weight, in teenagers. A theoretical framework illustrates how teens
decide to engage in EWCBs and the role that smoking and tobacco policy may play. The effect of
cigarette taxes on EWCBs is theoretically ambiguous, but is influenced by whether smoking and
an EWCB are complementary inputs in managing weight and whether an EWCB has a nonzero
price. Under restrictive assumptions, the model returns intuitive results. EWCBs that have a zero
price and are enhanced by smoking (i.e., are complementary inputs), such as fasting, decrease in
response to a higher tax on cigarettes, while EWCBs that instead mimic the effects of smoking
(are highly substitutable inputs), such as diet pill use, increase (provided that income effects are
small). Alternative modelling approaches, such as one in which teenagers use EWCBs in reaction
to unexpected weight gain from reduced smoking, seem likely to yield a more positive effect of
cigarette taxes on all types of EWCBs, which further highlights that the spillover effect is difficult
to predict.
We use data from the 1999-2013 State and National YRBS to investigate the prevalence,
patterns and determinants of EWCBs, as well as smoking, among teenagers. Descriptive anal-
yses show that engaging in EWCBs is common, at 15.5% of the sample, and that nearly 1/3rd
report using more than one method. EWCBs are even more prevalent among smokers and the
2010 NYPANS shows that almost half of smokers who engage in EWCBs also report smoking to
lose weight. Our econometric analyses suggest that higher cigarette taxes reduce teen smoking,
especially for girls and younger teens, thus setting the stage for possible spillovers to EWCBs. We
find that cigarette taxes tend to increase EWCBs. This positive effect extends beyond participating
in EWCBs to the number of methods used and to each method individually, although purging is
the least affected. Girls and those teens aged 15-16 are most strongly affected, both groups who
according to our analyses are at high risk of EWCBs and likely to reduce smoking in response to
cigarette taxes. A $1 increase in the cigarette tax is estimated to increase EWCB participation by
1.1 percentage points.
EWCBs have potentially serious health consequences and are precursors to eating disor-
68
ders, a leading cause of death for teenagers. In the last year of our sample, more teenagers report
participating in EWCBs than smoking. Yet, this dangerous behavior has been largely overlooked
by health economists and policymakers, further hindered by the YRBS’ discontinuation of EWCB
questions after 2013. Our findings suggest that teens’ engagement in EWCBs is affected by pol-
icy, even one not designed for that purpose, and thus underscore the need to investigate additional
policy initiatives. Targeted policies include regulating the sales of dietary supplements to minors,
as is currently being considered in Illinois, Massachusetts, and New York. However, just as with
tobacco, our theory and data analyses caution that teens may switch to another EWCB in response.
Our work also raises the possibility that other policies designed to improve health, such as beverage
taxes or limits on teen e-cigarette use, could likewise have unintended spillover effects.
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Figure 2.1: Trends in EWCBs Over Time, by Gender
A. Females
B. Males
Notes: Figures use data from combined national and state YRBS between 1999-2013.
State-year populations by gender, age, and race (from SEER) have been used as weights
to adjust for variation in sample sizes and states observed per year.
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Notes: Authors’ calculation using data from combined unweighted national and state
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total percentage.
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Figure 2.3: Smoking participation and Use of EWCBs, by Gender
Notes: Authors’ calculation using data from combined unweighted national and state YRBS,
1999-2013.
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Figure 2.4: Percentage of Smokers who Report Smoking for Weight Loss,
Using NYPANS 2010
Notes: Figure uses data from the weighted National Youth Physical Activity and Nutrition Study
(NYPANS) 2010. The sample is limited to teens aged 14years and older who report smoking at
all in the past 30 days. The percentage of the full sample (including nonsmokers) that smokes for
weight loss is reported in parentheses by each label.
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Table 2.1: Summary Statistics of Selected Variables
Variable Pooled Females Males
(1) (2) (3)
Smoking Measures
Smoking Participation .189 (0.392) .181 (0.385) .199 (0.399)
Frequent Smoking (=1 if smoked >= 20 days in the past 30 days) .079 (0.269) .072 (0.258) .086 (0.281)
N 862,161 444,905 417,256
Weight Perception and Concerns
Perception
Underweight (very or slightly) .149 (0.356) .113 (0.317) .186 (0.389)
About right weight .554 (0.497) .535 (0.499) .574 (0.494)
Overweight (very or slightly) .297 (0.457) .351 (0.477) .239 (0.427)
N 780,967 404,318 376,649
Concerns
Trying to maintain weight .192 (0.393) .182 (0.386 ) .202 (0.401)
Trying to lose weight .454 (0.498) .596 (0.491) .301 (0.459)
Trying to do nothing about weight .190 (0.392) .154 (0.361) .229 (0.420)
Trying to gain weight .165 (0.371) .068 (0.251) .269 (0.443)
N 791,316 409,823 381,493
EWCB Measures
Any behavior .155 (0.362) .208 (0.406) .102 (0.303)
1 behavior .107 (0.310) .142 (0.345) .074 (0.261)
2 behaviors .032 (0.177) .047 (0.212) .018 (0.134)
3 behaviors .014 (0.119) .0187 (0.135) .010 (0.101)
Use of Diet Pills .059 (0.236) .074 (0.263) .044 (0.205)
Purging (vomiting or use laxatives) .047 (0.211) .064 (0.244) .030 (0.171)
Fasting for 24 hours or more .110 (0.313) .154 (0.361) .067 (0.250)
N 699,658 346,054 353,604
Notes: Authors’ calculation using data from combined unweighted national and state YRBS, 1999-2013.
Standard deviations are reported in parentheses.
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Table 2.2: Estimated Marginal Effects of Cigarette Taxes on Smoking Participation and
Frequent Smoking by Sub-Sample
logit estimates using combined unweighted national and state YRBS, 1999-2013
Smoking Participation Frequent Smoking
Pooled Females Males Pooled Females Males
(1) (2) (3) (4) (5) (6)
Full Sample -.005 -.009** .0004 -.005** -.008*** -.002
(-1.44) (-2.93) (0.10) (-2.35) (-4.31) (-0.73)
By Age
14yrs -.010*** -.013*** -.006 -.002 -.003 -.002
(-3.83) (3.53) (-1.57) (-1.07) (-1.19) (-0.52)
15-16yrs -.005* -.010*** -.0007 -.005*** -.008*** -.002
(-1.89) (-3.06) (-0.18) (-3.17) (-3.59) (-1.29)
17yrs and older -.002 -.009 .004 -.005 -.009*** -.001
(-0.42) (-1.42) (0.69) (-1.34) (-2.82) (-0.26)
By Weight Perception
Overweight -.004 -.008* .002 -.007*** -.009*** -.003
(-0.96) (-1.66) (0.61) (-2.92) (-3.50) (-0.95)
About Right Weight -.004 -.008*** -.0003 -.004 -.006** -.002
(-1.41) (-2.85) (-0.07) (-1.44) (-2.36) (-0.56)
Underweight -.006 -.013** -.002 -.006** -.010*** -.003
(-1.64) (-2.88) (-0.37) (-2.40) (-2.91) (-0.74)
By Weight Related Actions
Trying to lose or maintain weight -.006 -.009** -.002 -.006** -.007** -.003
(-1.46) (-2.49) (-0.41) (-2.37) (-3.44) (-0.94)
Trying to do nothing about weight -.005 -.015*** .003 -.005** -.011*** -.0002
(-1.43) (-3.59) (0.72) (-2.02) (-3.50) (-0.07)
Trying to gain weight -.005 -.017*** -.0003 -.005 -.009** -.003
(-1.19) (-4.20) (-0.05) (-1.48) (-2.05) (-0.54)
Notes: All models control for individual age, gender, race and grade, and state level factors (6 indoor air laws, per capita
funds allocated for tobacco control, stock of adult smokers and teen unemployment rate) plus state fixed effects and year
fixed effects.
Each cell reports the results from a different regression.
Cigarette taxes are in dollars.
Each analysis uses the maximum sample size possible, as reported in Table 2.1. The full sample includes 862,161 ob-
servations, and the analyses stratified by weight perception and related actions contain 780,967 and 791,316 observations,
respectively.
z-statistics in parentheses are based on robust standard errors adjusted for clustering at the state level.
*, ** and *** denote statistical significance at the 10, 5 and 1% level.
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Table 2.3: Estimated Effects of Cigarette Taxes on EWCBs
Logit and Negative Binomial Estimates Using Unweighted National and State
YRBS, 1999-2013
Type of Outcome Pooled Females Males
(1) (2) (3)
Any Method .011** .014** .009*
(2.36) (2.17) (1.92)
# of Methods .080* .074* .093
(1.90) (1.95) (1.59)
Use of Diet Pills .005* .004 .005**
(1.76) (1.11) (2.22)
Purging .002 .003 .001
(0.86) (1.40) (0.37)
Fasting .008** .012** .004
(1.99) (2.32) (0.96)
N 699,658 346,054 353,604
Notes: All models control for individual age, gender, race and grade, and state level
factors (6 indoor air laws, per capita funds allocated for tobacco control, stock of
adult smokers, an indicator for anti-bullying laws, % of households with broadband
access, median household income, % college educated and teen unemployment rate)
plus state fixed effects, year fixed effects and state specific time trends.
Each cell reports the results from a different regression.
Row 2 reports estimates from negative binomial models; the rest are marginal effects
from logit models.
Cigarette taxes are in dollars.
z-statistics in parentheses are based on robust standard errors adjusted for clustering
at the state level.
*, ** and *** denote statistical significance at the 10, 5 and 1% level.
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Table 2.4: Robustness Checks: Any Method and # of Methods
Logit and Negative Binomial Estimates Using Combined National and State YRBS, 1999-2013
Any Method # of Methods
Pooled Females Males Pooled Females Males
(1) (2) (3) (4) (5) (6)
Main Model (Table 2.3 rows 1 & 2 ) .011** .014** .009* .080* .074* .093
(2.36) (2.17) (1.92) (1.90) (1.95) (1.59)
Alternative Specifications
Ordinary Least Squares .011*** .014*** .011** .014*** .018*** .013*
(3.50) (3.11) (2.65) (2.71) (2.79) (1.96)
Using Real Cigarette Prices (instead of tax rates)a .009* .011* .006 .054 .056 .052
(1.71) (1.94) (1.18) (1.22) (1.49) (0.87)
Including Quadratic State Specific Time Trendsb .010* .012* .011* .011 .015 .011
(1.82) (1.69) (1.74) (1.34) (1.41) (1.20)
Limited State Level Controlsc .010** .012** .008* .071* .065* .085
(2.34) (2.16) (1.86) (1.87) (1.89) (1.55)
No State Level Controls .010*** .013** .008** .076** .071** .085*
(2.80) (2.42) (2.24) (2.37) (2.30) (1.89)
Weightedd .008 .008 .008 .060 .050 .088
(1.25) (1.08) (1.45) (1.09) (0.95) (1.28)
N 699,658 346,054 353,604 699,658 346,054 353,604
Notes: All models control for individual age, gender, race and grade, and state level factors (6 indoor air laws, per capita funds allocated
for tobacco control, stock of adult smokers, an indicator for anti-bullying laws, % of households with broadband access, median household
income, % college educated and teen unemployment rate) plus state fixed effects, year fixed effects and state specific time trends unless stated
otherwise.
Each cell reports the results from a different regression.
Cigarette taxes are in dollars.
Estimates for Any Method are marginal effects from a logit model. Estimates for # of Methods are from a negative binomial regression.
aCigarette prices are adjusted for inflation using CPI
bBecause the logit models frequently fail to converge, OLS estimates are reported here. When available, logit and OLS are qualitatively
similar.
cModels include the same state-level factors as in the smoking models – the six indicators for smoke-free air laws, funds allocated for tobacco
control, stock of adult smokers and teen unemployment rate.
dState-year population for the individual’s gender-age-race from SEER’s data files are used as weights.
z-statistics in parentheses are based on robust standard errors adjusted for clustering at the state level.
*, ** and *** denote statistical significance at the 10, 5 and 1% level.
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Table 2.5: Heterogeneous Effects, by Sub-Samples: Any Method and # of Methods
Logit and Negative Binomial Estimates Using Combined Unweighted National and State YRBS, 1999-2013
Any Method # of Methods
Pooled Females Males Pooled Females Males
(1) (2) (3) (4) (5) (6)
Main Model (Table 2.3 rows 1 & 2 ) .011** .014** .009* .080* .074* .093
(2.36) (2.17) (1.92) (1.90) (1.95) (1.59)
N 699,658 346,054 353,604 699,658 346,054 353,604
By Age Group
14yrs .009 .020 .0002 .067 .072 .044
(1.12) (1.49) (-.04) (0.82) (0.83) (0.51)
N 76,910 41,159 35,751 76,910 41,159 35,751
15-16yrs .013** .017** .011* .097** .084** .129*
(2.39) (2.18) (1.80) (2.04) (2.02) (1.82)
N 366,027 183,094 182,933 366,027 183,094 182,933
17-18yrs .009* .007 .010* .060* .052* .068
(1.87) (1.24) (1.87) (1.65) (1.67) (1.14)
N 256,721 121,801, 134,920 256,721 121,801, 134,920
By Race/Ethnicity
White .010** .015** .006 .075* .074* .078
(2.01) (2.15) (1.28) (1.71) (1.77) (1.32)
N 409,356, 200,251 209,105 409,356 200,251 209,105
Black .026** .017 .033*** .169* .073 .289**
(2.02) (1.21) (3.03) (1.74) (0.76) (2.46)
N 103,282 52,901 50,372 103,282 52,901 50,372
Hispanic .010 .006 .013 .022*† .005† .018*†
(1.26) (0.54) (1.30) (1.84) (0.44) (1.71)
66,732 34,027 32,705 66,732 34,027 32,705
Other Race/Ethnicity .010 .010 .010 .069 .078 .060
(1.30) (0.96) (1.27) (1.19) (1.47) (0.75)
N 120,286 58,868 61,404 120,286 58,868 61,418
By Athletic Participation
Athletes (On a sports team) .011*** .009** .012** .081** .047* .126**
(2.75) (2.28) (2.17) (2.22) (1.79) (2.12)
N 318,267 147,117 171,150 318,267 147,117 171,150
Non-Athletes .009* .010* .008 .049 .055* .044
(1.87) (1.85) (1.38) (1.29) (1.68) (0.68)
N 254,099 145,155 108,944 254,099 145,155 108,944
Notes: All models control for individual age, gender, race and grade, and state level factors (6 indoor air laws, per capita funds
allocated for tobacco control, stock of adult smokers, an indicator for anti-bullying laws, % of households with broadband
access, median household income, % college educated and teen unemployment rate) plus state fixed effects, year fixed effects
and state specific time trends.
Each cell reports the results from a different regression.
Estimates for Any Method are marginal effects from a logit model. Estimates for # of Methods are from a negative binomial
regression.
Cigarette taxes are in dollars.
† Because the negative binomial models fail to converge, OLS estimates are reported here.
z-statistics in parentheses are based on robust standard errors adjusted for clustering at the state level.
*, ** and *** denote statistical significance at the 10, 5 and 1% level.
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Table 2.6: Seemingly Unrelated Regression (SUR) of the Effects of Cigarette
Taxes on Each EWCB
OLS Estimates Using Combined Unweighted National and State YRBS, 1999-2013
Type of Outcome Pooled Females Males
(1) (2) (3)
Use of Diet Pills .018** .011 .029***
(2.29) (1.23) (3.07)
Purging .007 .012* .006
(1.04) (1.70) (0.48)
Fasting .027*** .035*** .024
(2.97) (3.37) (1.60)
Average Effect:(βd+βp+βf )/3 .018** .019*** .020*
(2.57) (2.62) (1.89)
N 699,658 346,054 353,604
H0 Tests:
Jointly equal to zero: χ2o f H0 :βd=βp=βf =0 11.71*** 11.93*** 14.91***
(p-value) (.008) (.007) (.002)
Effects equal to each other: χ2o f H0 :βd=βp=βf 7.66** 7.99** 6.24**
(p-value) (.021) (.018) (.044)
Notes: All models control for individual age, gender, race and grade, and state level factors (6 indoor air
laws, per capita funds allocated for tobacco control, stock of adult smokers, an indicator for anti-bullying
laws, % of households with broadband access, median household income, % college educated and teen
unemployment rate) plus state fixed effects, year fixed effects and state specific time trends.
Each cell reports the results from a different regression.
Subscripts “d”, “p” and “f” denote use of diet pills, purging and fasting. Following Kling et al. (2007) and
Dave et al. (2019), each outcome is standardized prior to estimation.
Cigarette taxes are in dollars.
z-statistics in parentheses are based on robust standard errors adjusted for clustering at the state level.




Derivation of Comparative Static Results:
Teenagers maximize U(s,x,c) = αV(s,x,c) + βH(s,x,c) + δW(s,x,c) subject to the budget constraint, m - pxx - pss - c = 0. The first-
order conditions take the form: Ui-λpi =0 where Ui= αVi+βHi+δWi and i=s,x,c; subscripts denote partial derivatives. We assume
throughout that the utility function is strictly concave and that the sign of Wij matches the sign of Uij. If Wij >0 (Wij <0), the
two inputs are q-complements (q-substitutes). EWCBs may have no monetary cost; if px=0, then Ux=0. The first-order conditions
implicitly determine the optimal value of each of the choice variables. Differentiating these conditions at the optimal values with
respect to m produces:

Uss Usc Usx −ps
Ucs Ucc Ucx −1
Uxs Uxc Uxx −px
















Applying Cramer’s rule allows us to derive the income effect:
∂x/∂m =
px(Us2c)−Usc(Uxs + psUxc)+ psUccUxs +Uss(Uxc −Ucc px)
D
(A2)
Where D (the determinant of the bordered Hessian matrix) is negative. Differentiating the first-order conditions with respect to ps
produces a second system of equations (in matrix form):

Uss Usc Usx −ps
Ucs Ucc Ucx −1
Uxs Uxc Uxx −px
















Applying Cramer’s rule to (A3), and using (A2) to organize the result, allows us to the state the Slutsky equation for EWCBs, written




























. If a teenager views smoking and an EWCB as q-complements (q-substitutes) while regarding the EWCB as a










reflects the production relationship between x and s when px >0. If Uxs<0 (e.g., the case of diet pills), a homothetic
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production function requires that at least one pair of inputs be q-complements (Sato and Koizumi, 1973), i.e., Usc>0 and/or Uxc>0.
As is evident from (A4), this generalization does not change the sign of the substitution effect (
∂xh
∂ps
), meaning that the implications
are identical to those discussed in the text.
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Figure A2.1: Geographic Pattern of the Prevalence of EWCBs
Notes: Reports the prevalence of participation in EWCBs for the only year (2005) in which nearly every state either
has data or has data in the two adjacent survey years (2003 and 2007, which were then averaged). Only D.C. does not
have data. 2005 also coincides with the middle of our sample. Data Source: Authors’ calculation using data from
combined unweighted national and state YRBS, 1999-2013.
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Figure A2.2: Google Trends for EWCB Searches
Notes: Google Trends analysis of “vomiting + laxatives + diet pills + fasting + to lose weight” over the entire
available time period (January 1 2004 to August 2020). Google Trends produces an index measure, where Quarter 1
of 2020 equals 100.
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Figure A2.3: Robustness of Estimated Cigarette Tax Effects on EWCBs to Omitting
Individual States (“Jack Knifing”)
A. Any Method - logit marginal effects and 90% confidence intervals
B. # of Methods - negative binomial estimates and 90% confident intervals
Notes: Figures report the estimated marginal effects and confidence intervals for the cigarette tax from Any
Method and # of Methods models, estimated in Table 2.3 for the pooled model, as each state is alternatively
excluded from the sample. See also the notes to Table 2.3.
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Table A2.3: Complete Estimates for Any Method and # of Methods
Logit and Negative Binomial Estimates Using Combined Unweighted National and State YRBS, 1999-2013
Any Method # of Methods
Pooled Females Males Pooled Females Males
(1) (2) (3) (4) (5) (6)
Cigarette Tax .011** .014** .009* .080* .074* .093
(Table 2.3) (2.36) (2.17) (1.92) (1.90) (1.95) (1.59)
State Controls
Private Sector Building Bans -.180 -.183 -.167 -.243** -.210* -.281**
(-1.44) (-1.37) (-1.22) (-2.05) (-1.81) (-1.96)
Government Building Bans .024 .057 -.040 .055 .084 .010
(0.22) (0.54) (-0.33) (0.52) (0.80) (0.08)
Restaurant Bans .099 .131 .039 .116 .123 .090
(0.60) (0.79) (0.22) (0.70) (0.80) (0.44)
Shopping Area Bans .061 .040 .108 .078 .041 .142
(0.69) (0.40) (1.29) (0.90) (0.46) (1.51)
Public School Bans -.092 -.084 -.100 -.119 -.118 -.132
(-0.63) (-0.56) (-0.65) (-0.90) (-0.93) (-0.79)
Private School Bans .030 -.072 -.053 .010 .058 -.057
(0.26) (0.59) (-0.43) (0.10) (0.52) (-0.45)
Funds Allocated for Tobacco Control -.002 -.008 . 009 -.001 -.006 .009
(-0.19) (-0.90) (0.80) (-0.15) (-0.72) (0.66)
Stock of Smokers .016 .016 .010 .006 .016 .026
(1.32) (1.24) (1.15) (1.60) (1.40) (1.62)
Anti-Bullying Laws .024 .022 .037 .020 .020 .030
(0.78) (0.67) (0.92) (0.65) (0.73) (0.72)
Broadband Access .005 .003 .010 .006 .003 .010
(0.77) (0.39) (1.24) (0.85) (0.52) (1.09)
Median Household Income .0006 .0003 .001 .0007 .0005 .001
(0.83) (0.43) (1.12) (1.02) (0.76) (1.17)
Teen Unemployment Rate -.012 -.012 -.012 -.012 -.011 -.015
(-1.15) (-1.06.) (-1.21) (-1.14) (-1.03) (-1.26)
% College Educated -2.05 -2.32** -1.51 -1.71 -2.08** -.969
(-1.58) (-2.04) (-0.75) (-1.34) (-2.15) (-0.45)
Table continues on following page.
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Table A2.3 (Continued) Complete Estimates for Any Method and # of Methods
Logit and Negative Binomial Estimates Using Combined Unweighted National and State YRBS, 1999-2013
Any Method # of Methods
Pooled Females Males Pooled Females Males
(1) (2) (3) (4) (5) (6)
Individual Controls
15yrs .194*** .192*** .208*** .164*** .158*** .175***
(14.49) (12.52) (8.96) (12.29) (11.18) (7.94)
16yrs .432*** .406*** .504*** .361*** .330*** .424***
(20.08) (16.94) (15.26) (16.80) (14.75) (12.97)
17yrs .585*** .552*** .670*** .477*** .435 *** .552***
(22.01) (16.77) (17.17) (17.78) (14.13) (14.16)
18yrs & older .742*** .650*** .886*** .624*** .524*** .754***
(23.64) (17.75) (21.15) (19.85) (14.23) (19.78)
Males -.811*** – – -.697*** – –
(-49.70) (36.70)
Black -.013 -.242*** .374*** -.025 -.285*** .369***
(-0.41) (-7.94.) (11.69) (-0.73) (-9.09) (9.76)
Hispanic .134*** .027*** .329*** .112*** .002 .306***
(4.11) (0.80) (9.26) (3.61) (0.08) (7.96)
Other Race/ Ethnicity .268*** .128*** .500*** .268*** .113*** .509***
(8.62) (3.83) (16.10) (9.25) (3.77) (16.21)
10th grade -.210*** -.198*** -.245*** -.180*** -.159*** -.219***
(-12.62) (-10.56) (-11.09) (-12.39) (-9.78) (-10.22)
11th grade -.389*** -.399*** -.381*** -.318*** -.313*** -.219***
(-17.63.) (-14.35) (-12.62) (-15.26) (-11.69) (-10.01)
12th grade -.545*** -.567*** -.502*** -.457*** -.458*** -.436***
(-18.62) (-15.33) (-14.66) (-17.51) (-14.11) (-12.93)
Other/Under grade .034 -.087 .100 .168 .139 .127
(0.15) (-0.45) (0.37) (0.82) (0.82) (0.50)
N 699,658 346,054 353,604 699,658 346,054 353,604
Notes: All models control for state and year fixed effects and state linear time trends.
Estimates for Any Method are marginal effects from a logit model. Estimates for # of Methods are from a negative
binomial regression.
z-statistics in parentheses are based on robust standard errors adjusted for clustering at the state level.
*, ** and *** denote statistical significance at the 10, 5 and 1% level.
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Table A2.4: Falsification Tests With and Without State Linear Time Trends: Any
Method and # of Methods
Logit and Negative Binomial Estimates Using Combined Unweighted National and State YRBS, 1999-2013
Any Method # of Methods
Pooled Females Males Pooled Females Males
(1) (2) (3) (4) (5) (6)
Without Trends
Replacing with 2yr lead
Cigtax – – – – – –
Cigtax (T+2) -.019* -.022 -.016*** -.154* -.127 -.199***
(-1.75) (-1.42) (-2.58) (-1.81) (-1.39) (-2.77)
Adding 2yr lead
Cigtax .003 .004 .002 .017 .021 .008
(0.48) (0.48) (0.41) (0.38) (0.49) (0.13)
Cigtax (T+2) -.021* -.024 -.017** -.164* -.139 -.204**
(-1.85) (-1.56) (-2.40) (-1.87) (-1.56) (-2.38)
With Trends
Replacing with 2yr lead
Cigtax – – – – – –
Cigtax (T+2) -.002 -.004 -.001 -.031 -.035 -.025
(-0.18) (-0.30) (-0.01) (-0.46) (-0.52) (-0.36)
Adding 2yr lead
Cigtax .012** .015** .010* .090** .085** .103*
(2.57) (2.54) (1.95) (2.13) (2.31) (1.68)
Cigtax (T+2) -.004 -.007 -.002 -.050 -.054 -.048
(-0.45) (-0.52) (-0.32) (-0.71) (-0.71) (-0.64)
N 699,658 346,054 353,604 699,658 346,054 353,604
Notes: All models control for individual age, gender, race and grade, and state level factors (6 indoor air laws,
per capita funds allocated for tobacco control, stock of adult smokers, an indicator for anti-bullying laws, % of
households with broadband access, median household income, % college educated and teen unemployment rate)
plus state fixed effects and year fixed effects.
State specific time trends are included in the lower panel.
Estimates for Any Method are marginal effects from a logit model. Estimates for # of Methods are from a negative
binomial regression.
Cigarette taxes are in dollars.
z-statistics in parentheses are based on robust standard errors adjusted for clustering at the state level.


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Mental health problems such as depression, anxiety, mood disorders and suicide related outcomes
have increased dramatically among American teenagers over the last decade (e.g., Weinberger
et al., 2018; Keyes et al., 2019; Twenge et al., 2019). The percentage of teens aged 12-17 who
experienced at least one major depressive episode in the past year increased from 8% (2 million)
in 2007 to 13% (3.2 million) in 2017 (Geiger and Davis, 2019). A recent study finds that sui-
cide rates among adolescents increased by 3.1% during 2007-2014, followed by a 10% increase
between 2014-2017 (Miron et al., 2019). In fact, suicide was the second leading cause of death
among children aged 12-17 yrs in 2010 (Centers for Disease Control and Prevention (CDC)).
Moreover, hospitalization for suicidal ideations and attempts have also undergone a substantial
increase between 2008-2015, particularly among the 12-17 year olds (Plemmons et al., 2018). In
the U.S., mental health conditions are among the most expensive to treat in individuals aged 5-17
years; the average annual total cost of treatment was estimated at $10.9 billion between 2009-2011
(Suryavanshi and Yang, 2016). Mental health and substance abuse are closely linked in adoles-
cents. Tobacco, alcohol, marijuana and drug abuse have been associated with increased rates of
depression, anxiety, schizophrenia, bipolar disorder and several other mental health problems in
teenagers (e.g., Brook et al., 2002; Hallfors et al., 2004; Degenhardt et al., 2012; Gart and Kelly,
2015; Conway et al., 2018). An extensive literature documents a strong link between smoking
and psychiatric disorders such as major depression and suicidal behavior among adolescents (e.g.,
Johnson et al., 2000; Chaiton et al., 2009; Miller et al., 2011; Gart and Kelly, 2015).
In 2007, a new type of tobacco product called electronic cigarettes (e-cigarettes) entered
the U.S. market as a less harmful alternative to regular cigarettes. E-cigarettes are battery operated
devices containing e-liquid and an electric heating source that heats the e-liquid to emit doses of
nicotine or non-nicotine solutions for the user to inhale (U.S. Food and Drug Administration).
At a time when depression and suicide rates have been rising significantly, use of e-cigarettes
(commonly known as vaping) has also increased at an alarming rate among teenagers. Between
2011-2015, use of e-cigarettes increased dramatically among high school students (from 1.5% to
16%) such that by 2014, they were the most commonly used tobacco product among high-schoolers
93
(CDC, Surgeon’s General Report 2016; Simon, 2018). Their use declined notably (16% to 11.3%)
between 2015-17. It then skyrocketed during the period 2017-18 (Simon, 2018; Gentzke et al.,
2019) most likely due to the rise in popularity of a particular e-cigarette device called JUUL, first
introduced in 2015.37 Shaped like USB drives, these products come in several flavors that appeal
to teenagers.
One of the main factors behind the rising popularity of e-cigarettes among adolescents
is their perceived lower risk relative to conventional cigarettes.38 However, recently, the safety
surrounding these products has been received with skepticism. Even if exposure from e-cigarette
toxins is considered as less harmful than exposure from conventional cigarettes, e-cigarettes can be
dangerous for adolescents. Nicotine and other toxins contained in e-cigarettes could have adverse
consequences for the developing adolescent brain.39 While a major concern has been addiction,40
given the high level of vulnerability of the adolescent brain, there may be other long lasting cog-
nitive and psychological effects of vaping. Some of these include mood disorders, depressive
symtoms, permanent lowering of impulse control, increased aggressive behavior, suicidality and
harm caused to parts of the brain responsible for emotion, memory, attention and learning (e.g.,
Parrott, 2015; Surgeon’s General Report, 2016; review by Tobore, 2019). These effects raise the
question of whether vaping may be a factor contributing to the declining mental health of youth.
Several recent studies have explored the association between vaping and adolescent men-
tal health (e.g., Leventhal et al., 2016; Lechner et al., 2017; Green et al., 2018; Riehm et al., 2019).
Evidence from these cross sectional and longitudinal studies suggests a strong negative correlation
between e-cigarette use and mental health in teenagers. However, none of these existing studies
consider the possibility of potential confounding factors that may be driving both experimentation
with e-cigarettes and mental health problems. Furthermore, similar to smoking, the association
between e-cigarette use and mental health can go both ways. Adolescence is recognized as a tran-
37In just about two years it had occupied half of the US market share (Bach, 2018). JUUL sales increased from 2.2 million devices sold in 2016
to 16.2 million devices in 2017 - 641% in a single year (King et al., 2018).
38Instead of combusted nicotine, e-cigarettes heat nicotine to create a vapor that is inhaled. As a result, E-cigarette vapor generally contains fewer
toxic chemicals than found in combustible cigarettes (CDC, Office on Smoking and Health (OSH)).
39A number of e-cigarettes sold in the U.S. contain far more nicotine compared to e-cigarettes sold in other countries increasing the risk of
addiction and other harms to the developing brains of U.S. teenagers (Simon, 2018). Moreover, several e-cigarette products are as efficient as
combustible cigarettes in delivering nicotine. For instance, JUUL makers claim that their product contains nicotine in levels comparable to traditional
cigarettes and can deliver nicotine at a much faster rate than other brands (Bach, 2018).
40Policy makers have been concerned regarding the possibility of complementarity between e-cigarettes and regular cigarettes with e-cigarettes
serving as a gateway towards the use of other addictive substances (Friedman, 2015; Dave et al., 2019)
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sitional phase during which many emotional and behavioral changes emerge. Mental health prob-
lems such as stress, anxiety, mood disruptions and depressive symptoms are extremely common
during puberty. Evidence that nicotine may confer instant mental health benefits such as allevi-
ating stress, anxiety, or depression (e.g., review by Kutlu et al., 2015) could cause teens to use
e-cigarettes as means of self medication or a coping strategy rather than a source of recreation.41
These issues limit causal interpretation of the association.
This analysis exploits exogenous changes in state policies that restrict youth access to
e-cigarettes to identify changes in e-cigarette use and mental health outcomes of teens. The study
draws data from the 2005-2017 National and State Youth Risk Behavior Surveys combined with
state level policies and controls to investigate the reduced form effects of e-cigarette Minimum
Legal Sale Age laws (MLSA) on youth mental health in a sample of high school students. Reacting
out of growing concerns regarding potential health risks associated with vaping, most states have
banned minors from purchasing e-cigarettes. With New Jersey taking the lead on March 13th
2010, by August 8th 2016, all but 2 states had bans on minors’ access to e-cigarettes.42 E-cigarette
MLSA laws are predicted to impact mental health outcomes of teenagers via their presumed effect
on vaping. This study confirms past evidence that these laws are effective in reducing e-cigarette
use among youth (Abouk and Adams, 2017; Dave et al., 2019). However, their effect on mental
health is theoretically ambiguous and ultimately an empirical question.
Findings from this study provide little support for the hypothesis that a policy induced
reduction in e-cigarette use improves the psychological well-being of adolescents. Instead, I find
considerable evidence of an overall worsening effect of the MLSA policy on youth mental health.
For instance, between 2015-2017, MLSA laws are associated with a significant increase in the
likelihood of depression and suicidal attempts. These findings are primarily consistent with the
self-medication hypothesis or the use of addictive behaviors as a coping mechanism though other
41Due to their perceived lower risk, greater social acceptability and potential as a smoking cessation aid, e-cigarettes may serve as an attractive
alternative among this sub-group (e.g., Hefner et al., 2016)
42Since 2009 (under the rule passed by Congress), FDA had the authority to regulate only traditional cigarettes, smokeless tobacco and roll-your-
own tobacco. In the absence of federal regulations, states had adopted their own e-cigarette MLSA laws to prohibit sale of e-cigarettes to minors
(individuals below 18 years). In four states AL AK NJ and UT, the minimum legal sale age for purchasing e-cigarettes was set to 19 instead of 18.
Effective 8th August 2016, FDA’s Center for Tobacco Products (FDA-CTP) finalized a rule which extended its regulatory authority to all tobacco
products including e-cigarettes. As a consequence, it became nationally illegal to sell e-cigarettes and other ENDS to individuals younger than 18.
Pennsylvania and Michigan are the only two states where the law went into effect after a federal ban was introduced.
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avenues such as effects of nicotine withdrawal, habit formation and social isolation may explain
them. The results stand in stark contrast to the existing cross-sectional literature that reports a
strong negative correlation between e-cigarette use and youth mental health. These findings also
call for policy makers to address diverse concerns when formulating vaping related regulations
targeted towards minors.
The remainder of this paper is organized as follows. Section 3.2 provides a background
on e-cigarette use and mental health through a review of the relevant literature. In Section 3.3 I lay
out the conceptual framework and discuss the plausible mechanisms via which e-cigarette MLSA
laws may affect youth mental health; Section 3.4 describes the data and the empirical strategy;
Section 3.5 reports and interprets the findings and Section 3.6 concludes.
3.2 Background
A substantial body of literature examines the association between nicotine dependence and mental
health problems in teenagers (e.g., Griesler et al., 2008; Pedersen and Von Soest, 2009; Griesler
et al., 2011; review by DeHay et al., 2012). The relationship between traditional smoking and de-
pression is largely identified as bi-directional. Smoking rates are found to be substantially higher
in the adolescent population with problems such as major depression, mood disorders, and anxi-
ety disorders (e.g., Upadhyaya et al., 2002; Fergusson et al., 2003; Chang et al., 2005; Audrain-
McGovern et al., 2012). This finding is often attributed to the “self-medication” hypothesis or
beliefs regarding the anti-depressant and mood modulating effects of nicotine (e.g., Dani and Har-
ris, 2005, review by Kutlu et al., 2015, Leventhal et al., 2016).43 In contrast, studies also find
that adolescent smokers are at a higher risk of developing depressive symptoms (e.g., Choi et al.,
1997; Wu and Anthony, 1999; Johnson et al., 2000; Steuber and Danner, 2006) due to long last-
ing effects of nicotine exposure on the susceptible adolescent brain (e.g., Wu and Anthony, 1999;
43Consumption of nicotine stimulates the release of dopamine, a source of pleasurable and relaxing sensations in parts of the brain comprising
the reward system (see Friedman, 2020). That nicotine can help individuals cope with conditions such as schizophrenia, chronic depression, ADHD
as well as other mental health issues is well documented in the medical and public health literature (e.g., review by Kutlu et al., 2015; Xiao et al.,
2018; Cole and Parikh, 2019). Nicotine has also been shown to have beneficial effects on cognition and memory (e.g., Evans and Drobes, 2009;
Echeverria and Zeitlin, 2019).
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Duncan and Rees, 2005; Lechner et al., 2017).44 Few studies examine the causal effect of smoking
on depressive symptoms in teens. These studies find that the association can be instead largely
attributed to the influence of unobservable characteristics on individual’s genetic predisposition
or environmental factors which may be driving both behaviors (Kendler et al., 1993, Fergusson
et al., 1996 Duncan and Rees, 2005). Compared to other mental health problems, the relationship
between smoking and depressive symptoms has by far received the most attention in the literature.
However, a considerable number of studies also find a strong connection between cigarette smok-
ing and suicidal ideations and tendencies in adolescents (e.g Pedersen and Von Soest, 2009; Miller
et al., 2011; Gart and Kelly, 2015). Overall, abundant evidence suggests that traditional cigarette
smoking and mental health problems in teens are correlated.
With e-cigarettes becoming enormously popular among teens, a number of non-economic
studies attempt to explore if this well documented link between teen mental health and smoking
also extends to the use of e-cigarettes (Wills et al., 2015; Leventhal et al., 2016; Lechner et al.,
2017; Conway et al., 2018; Green et al., 2018; Riehm et al., 2019). Evidence from these studies
suggest that mental health problems, both internalizing (e.g., severe depression, anxiety, panic
disorder) and externalizing (e.g., mania, ADHD, disruptive conduct, impulsivity), are associated
with increased risk of e-cigarette use and initiation among youth. In other words, adolescent e-
cigarette initiators and users report much higher levels of mental health problems compared to
non-users of tobacco. However, teens who engage in vaping only are likely to report lower levels
of mental health problems when compared to regular cigarette smokers or dual users (Wills et al.,
2015; Leventhal et al., 2016; Conway et al., 2018). An explanation provided in the literature is that
adolescents with fewer mental health issues, who may have otherwise refrained from smoking, are
turning to vaping which they perceive as being more socially acceptable and also less harmful than
conventional cigarettes (Wills et al., 2015; Leventhal et al., 2016).45 Lechner et al. (2017) further
44While the exact physiological pathways may not be clear, there is substantial evidence from smoking studies that chronic nicotine consumption
can have long lasting impacts on the developing adolescent brain. For instance, sustained exposure to nicotine can lead to unusual cerebral
dopamine transmission, cause impairment in the regulation of neural pathways involved in emotional processing, increase one’s sensitivity to stress,
or hinder the formation of adaptive coping mechanisms to prevent the onset of depressive symptoms (Lechner et al., 2017; Obisesan et al., 2019).
Prolonged nicotine exposure can also impair serotine function and even affect neurochemical systems that may contribute to the development of
major depression (Duncan and Rees, 2005; Chaiton et al., 2009).
45Compared to dual users, e-cigarettes only users are in fact at a much higher risk of perceiving e-cigarettes as less harmful than conventional
combustible cigarettes (Cooper et al., 2016)
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throws some light on a potentially bi-directional nature of this association. Using longitudinal data,
Lechner et al. (2017) find that while adolescents with higher levels of depressive symptoms are at
increased risk of initiating e-cigarettes, sustained use of e-cigarettes over a 12 month follow up
period is in turn associated with an increased growth in depressive symptoms in e-cigarette users
compared to non-users of tobacco.
Overall findings regarding adolescents are consistent with similar studies that have used
data on adults to examine the correlation between e-cigarette use and mental health (Cummins
et al., 2014; Park et al., 2017; Grant et al., 2019; Obisesan et al., 2019). Nevertheless, all these
studies are severely limited in their ability to explore the causal mechanism underlying the asso-
ciation between the two behaviors. For the vast majority, their samples are either only a single
cross-section of data, obtained from specific geographic locations or otherwise not representative
of the US population.
A study that is most similar to this research, Chadi et al. (2019) uses the 2015 and 2017
waves of the National Youth Risk Behavior Surveys and estimates multivariate logistic regressions
to explore the association between e-cigarette use and mental health symptoms in adolescents.
The authors find that e-cigarette users are at a greater risk of reporting depressive symptoms and
suicidal ideations compared to non-users of substances. While these findings are intriguing, a
major concern is that endogeneity of e-cigarettes could be driving these findings. For instance,
the negative relationship could be simply explained by teens with poor emotional health being
more likely to use e-cigarettes and also exhibit depressive or suicidal tendencies irrespective of
any causal impact of the former on the latter. Moreover, one cannot rule out the issue of reverse
causality that self medication or coping response can also be a reason that teens take up e-cigarettes.
To tackle these issues, the current study uses state level policy induced variation in e-cigarette
use to pin down the causal mechanism behind the association between vaping and mental health
symptoms in teenagers. Specifically, I exploit across and within state changes in state e-cigarette
MLSA laws over time to identify exogenous changes in e-cigarette use. Moreover, given that the
year since when states first started adopting the e-cigarette MLSA policy dates back to 2010, this
study is able to utilize a much larger time frame (2005-2017) than Chadi et al. (2019). In addition,
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I augment the National YRBS with the State YRBS data which also leads to a substantially larger
sample size.
Fundamental to the debate surrounding the regulation of e-cigarettes has been the ques-
tion of whether e-cigarettes serve as a harm reduction strategy for combustible cigarette smokers
or a gateway towards the use of other substances through addiction (Abouk and Adams, 2017;
Dave et al., 2019). The limited economic literature on the secondary effects of the MLSA policy
has therefore only focused on the substitutability and complementarity of e-cigarettes with other
addictive substances, specifically, combustible cigarettes, alcohol and marijuana (e.g., Friedman,
2015; Pesko et al., 2016; Abouk and Adams, 2017; Dave et al., 2019). The effect of the policy
on non-substance use outcomes such as mental health hasn’t been explored yet. Recent evidence
regarding other plausible psychological effects of vaping on the developing brain (e.g., Surgeon’s
General Report, CDC, 2016; Tobore, 2019) along with the potential for vaping to serve as a coping
mechanism or self medication tool, suggests that vaping and mental health may be closely linked in
adolescents. Moreover, the hypothesized reasons behind vaping to affect mental health are derived
from the traditional cigarette literature. But surprisingly, little is known about mental health effects
of tobacco control policies in general. This paper attempts to hit all these spaces by providing the
first evidence on potential spillover effects of the e-cigarette MLSA policy on mental well-being
of teenagers.
3.3 Possible Mechanisms
MLSA laws are predicted to reduce e-cigarette use among teens by raising the “direct and indirect
costs” of obtaining e-cigarettes (Dave et al., 2019).46 While the effect of the policy on e-cigarette
use is still under scrutiny, previous economic studies find that the policy is effective in reducing
e-cigarette use among youth (Abouk and Adams, 2017; Dave et al., 2019). My study also confirms
past evidence that these laws affect youth vaping. Central to the mechanisms underlying the effect
of MLSA laws on mental health outcomes in teens is the plausible association between vaping and
46As explained by the authors, MLSA laws may raise the indirect costs of obtaining e-cigarettes by causing inconvenience or unnecessary delays
in the process of acquiring them. They could also increase the direct costs by imposing mark-ups or having teenagers to rely on third party purchases.
While the impact of the policy may be weakened if teens are purchasing e-cigarettes over the internet, the percentage of teens likely to do so has
been found to be negligible (Dave et al., 2019).
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mental health. There are two main issues surrounding this association. Insights from some of the
relevant studies in this area aids our understanding of these issues and the possible pathways for
the policy to affect youth mental health.
First, whether vaping is a contributing factor to mental health in a causal sense is un-
known. Even if e-cigarettes are considered a lot safer than cigarettes, theory predicts that the
adverse “psychobiological” effects of nicotine (depression, mood disorders, low self-esteem, cog-
nitive deficits, poor sleep) found in smokers are likely to carry over to e-cigarettes users as well
(Parrott, 2015; Wawryk-Gawda et al., 2019). Research also indicates that nicotine and other com-
ponents of e-cigarettes may induce “Oxidative Stress”(OS) which is also linked with psychologi-
cal, cognitive and functional impairments (review by Tobore, 2019; Wawryk-Gawda et al., 2019).
Tobore (2019) provides evidence that the developing brain of adolescents and young adults may
be particularly susceptible to the harmful effects of vaping induced OS, higher levels of which has
been strongly linked with depression, suicidal attempts, impulsivity and emotional instability.47 A
related concern is that youth who vape are often unaware of their level of nicotine exposure making
them even more vulnerable to these effects.48 In light of the discussion so far, a policy induced
reduction in e-cigarette use that reduces the developing brains’ exposure to nicotine and other tox-
ins is likely to enhance the psychological well-being of teenagers particularly in the long run. This
suggests that lagged effects could differ in sign from the more immediate effects of the policy.
Moreover, the effect of discontinuing may be different from the effect of reducing e-cigarette use
or never initiating. In other words, attempts to quit as a result of the policy could cause teens to
suffer strong symptoms of nicotine withdrawal in the short-term or even long-term, given the ef-
fects of addiction on the brain. Nicotine withdrawal can lead to a variety of unpleasant symptoms
causing potential quitters to experience moderate to severe depression, anxiety, stress including
sleep and mood disturbances (e.g., McLaughlin et al., 2015). Evidence from a recent animal study
by Ponzoni et al. (2020) suggest that cessation of e-cigarettes may induce significant withdrawal
47E-cigarette aerosols which are potential sources of toxic metals may stimulate the production of Reactive Oxygen Species (ROS) or Reactive
Nitrogen Species (RNS) that induce Oxidative Stress to the brain. Increased OS is considered as a critical underlying molecular pathway driving
psychiatric and other harmful effects caused by smoking (Tobore, 2019).
48Studies find that many teens who use vape have no knowledge about the nicotine concentration in their e-liquids (e.g., Morean et al., 2016;
Boykan et al., 2019). Labels on vaping devices are often vague and misleading in terms of listing the amount of nicotine further adding to the
confusion of teens who consume these products (McKelvey and Halpern-Felsher, 2020).
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symptoms of anxiety and depression that last as long as ninety days.
Second, the relationship between vaping and mental health is a “two way street”. The fact
that vaping is a choice (endogenous), leads to the possibility of reverse causality. In other words,
teens may take up e-cigarettes to cope with mental distress or treat underlying mental health con-
ditions. In fact, there is evidence that individuals use e-cigarettes for the purpose of relaxation,
stress management or relief from symptoms of depression, anxiety, intrusive thoughts and mood
disorders (Sharma et al., 2017; Spears et al., 2020). The “self medication hypothesis” (Khantzian,
1987,9, 2003) and the “stress coping model of addiction” (Wills and Filer, 1996; Wagner et al.,
1999) and are the two main theories used in the psychiatric literature to explain this phenomena.
Consistent with this line of research, a recent economic model by Lillard (2020) on the life cy-
cle patterns of nicotine consumption predicts that instant mental health benefits from consuming
nicotine coupled with physical health costs that only accumulate in the long run is one of the rea-
sons why teenagers are likely to start using tobacco. This idea is further elaborated by Friedman
(2020) who proposes an economic framework for “coping response” to explain the use of addic-
tive behavior as a way to deal with mental distress. The main insight is that if increased mental
distress induces sufficiently high immediate dis-utility,49 present and future benefits from using
an addictive behavior to instantly extenuate such distress may be considerably large such that the
utility-return from engaging in the behavior outweighs its long-run costs (Friedman, 2020). To
support this theoretical prediction, the author also provides compelling empirical evidence of in-
creased adolescent smoking in response to adverse life events that cause mental distress. Role of
e-cigarettes as a potential coping strategy is thus expected to elevate the marginal utility from vap-
ing, more so among teens with poorer baseline mental health. Reverse causality in fact serves as a
possible explanation for why existing descriptive studies find that teens with worse mental health
seem most likely to initiate e-cigarettes. Therefore going by the self-medication or coping response
hypothesis, nicotine abstinence from an exogenous reduction in vaping due to the MLSA policy
could actually worsen (increase) mental health symptoms in adolescents if underlying conditions
remain untreated.
49For example, individuals suffer from acute emotional discomfort that increases the likelihood of serious problems such as severe depression,
self harm, suicide etc.
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With regards to these mechanisms discussed above, it is important to note that in a rapidly
growing market, teenagers have access to a variety of other nicotine delivery devices, conventional
cigarettes being the most popular alternative. Dual use of e-cigarettes and regular cigarettes is,
in fact, common among adolescents (e.g., Dutra and Glantz, 2014; Wills et al., 2015; Leventhal
et al., 2016; Lechner et al., 2017). An e-cigarette sales ban which likely increases the shadow
price of the device could cause some teens to switch to conventional cigarettes. The choice of
substituting to smoking may not be simple if perceived social acceptance and/or physical health
degradation matters or if e-cigarettes serve as a more enjoyable mode of delivery.50 Nevertheless,
the existing economic literature does find evidence of positive spillovers to the use of traditional
cigarettes among adolescents (Friedman, 2015; Pesko et al., 2016; Dave et al., 2019; Pesko and
Currie, 2019). Since teens have the option of smoking traditional cigarettes (in addition to or
instead of e-cigarettes), switching to smoking might mitigate the impact of the law on mental
health (good or bad) to the extent they have the same properties. In contrast, one study finds
that bans cause teens to smoke fewer cigarettes (Abouk and Adams, 2017).51 Either way, any
change in conventional smoking alongside e-cigarette use may influence the effect on mental health
by altering one’s overall exposure to nicotine. While it is possible for individuals to regulate
the amount of nicotine obtained from traditional cigarettes, much less is known about nicotine
exposure from vaping products. Evidence from research comparing the rate of nicotine delivery
and absorption from regular and electronic cigarettes is mixed. Studies find that most e-cigarette
devices deliver blood nicotine concentrations much lower than that of cigarettes (Farsalinos et al.,
2014; Hajek et al., 2017; Yingst et al., 2019) though some advanced devices may be able to deliver
nicotine with similar or even greater efficiency than cigarettes (Ramôa et al., 2016; Wagener et al.,
2017; Yingst et al., 2019).52 As a result, how substitutable or complementary the devices are
impacts an individual’s overall exposure to nicotine and may vary greatly across users.
50Lillard (2020) predicts that the pattern of substitution between nicotine delivery devices is driven by the shadow price of using a particular
device. Besides monetary or other indirect costs of procuring including the bio-availability of nicotine delivered, the shadow price also depends on
underlying social and health costs (or benefits) which may vary significantly across consumers and devices. Some devices may be more desirable
and habit forming than others. As a result there may be substantial heterogeneity across consumers in terms of pattern and intensity of substitution
to other devices.
51MLSA laws are not found to be associated with cigar or smokeless tobacco use (Pesko et al., 2016).
52The level of nicotine exposure in adolescents using JUUL and other pod-based e-cigarettes which became popular since 2015 is much higher
than those detected in teens using conventional cigarettes (Goniewicz et al., 2019). In fact a single JUUL pod contains .7mL (or 59 mg/mL) of
nicotine which is about the same as a pack of cigarettes (CDC). A very recent study Rao et al. (2020) finds blood nicotine concentrations among
JUUL users to be 5.2 times higher than traditional cigarette smokers.
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Addictive health behaviors are not just about nicotine ingestion. They are “habit forming”
wherein they become a part of a pattern or routine (Shapiro et al., 1971, 2002; Mausner and Platt,
2013). In other words, behavioral cues alongside physiological effects of nicotine deprivation may
also create the urge in individuals to seek out and crave their desired substance. Therefore, simply
not having access to e-cigarettes could lead to explosive emotional reactions. Additionally, most
addictive behaviors are largely social activities. The impact of the policy on mental health could
manifest through the influence of “peer selection” in tobacco use (e.g., Kiuru et al., 2010; DeLay
et al., 2013), i.e., the possible role of vaping in the creation of new friendships or peer groups. It
is well known that peers are crucial to thriving psychological health of teens (e.g., Stanton-Salazar
and Spina, 2005; Laible, 2007).53 Thus, loss of access to e-cigarettes may reflect the importance
of peer group belonging and social isolation for mental health of teens or even other sociologi-
cal factors such as use of addictive substances as a statement of individuality or rebellion. Peer
influence (commonly known as peer effects) is also a vital aspect of socialization. Economic re-
search on youth smoking has consistently identified peer effects (e.g. Powell et al., 2005; Fletcher,
2010; Cutler and Glaeser, 2010) and an existing social market for cigarettes (Katzman et al., 2007;
Hansen et al., 2013) as significant predictors of adolescent smoking acquisition. Evidence from
research in the public health domain suggests that peers are one of the major factors driving e-
cigarette use among teens (see Rocheleau et al., 2020 for a review).54 Presence of peer effects
thus implies that any impact of the MLSA intervention on mental health may be further amplified
through the social multiplier (Powell et al., 2005; Cutler and Glaeser, 2010).
Taken together, the discussion here highlights the possibility of several avenues for ef-
fect. The predicted impact of the MLSA policy on teen mental health is therefore theoretically
ambiguous.
53In fact peer support has been associated with lower levels of suicidal behaviors and depressive symptoms among adolescents (Pfeiffer et al.,
2011; Matlin et al., 2011).
54A larger number of vaping peers may serve as sources of social approval, influence personal beliefs and perceptions through social learning
(Rocheleau et al., 2020) and provide better access to e-cigarettes. Friends and classmates are the most common of all social sources for obtaining
e-cigarettes among youth (Tobacco Free Kids).
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3.4 Data, Measures and Empirical Methods
3.4.1 Mental Health and Tobacco Use Outcomes
The study draws on individual level data from the 2005-2017 National and State Youth Risk Behav-
ior Surveys (NYRBS & SYRBS).55 The surveys are coordinated every other year starting 1991, by
the Center for Disease Control and Prevention (CDC) and are administered to high school students
at school in the spring. The YRBS monitors several health related risky behaviors in teenagers,
such as injury and violence, unhealthy dietary behaviors, sexual behaviors, substance abuse, as
well as self-reported mental health behavior of teenagers.
The YRBS is among the most commonly used data sets in youth health behavior research.
Earlier studies relied only on the national YRBS data, which is publicly available and contains
10,000 to 16,000 observations per year (e.g Gruber and Zinman, 2001; Carpenter and Cook, 2008;
Cole and Parikh, 2019). Recently, a substantial number of studies have started augmenting the
national YRBS with the state YRBS (Hansen et al., 2017; Sabia et al., 2019; Dave et al., 2019;
Sen Choudhury and Conway, 2020). The state YRBS is in part restricted use data.56 The benefits
of state YRBS over the national YRBS include being representative at the state level and having a
much larger number of observations (50,000 to 200,000 students per year). However, a limitation
of both the national and state YRBS is that not all 50 states contribute to the YRBS in any given
survey year.57 Pooling the two data sets therefore expands substantially the sample size and also
the number of state-years available. As noted by Dave et al. (2019) (who use the pooled YRBS to
study the effects of e-cigarette MLSA on youth substance use), a large sample size will be partic-
ularly important to obtain precise estimates given that the policy effects measured here are second
or third order Intent-To-Treat effects. Moreover, expanded availability of state years contributes
significantly to a richer identification since the study examines the effects of a state-level policy
over time.
Mental health for teens is a latent unobserved variable. Four questions are asked in the
55E-cigarettes were first introduced in the U.S. market in 2007 and states started passing e-cigarette legislations only since 2010. Therefore
starting the analysis in 2005 ensures a sufficient pre-intervention period. It also minimizes potential bias from confounding trends in the period
when e-cigarettes did not exist in the U.S.
56The state YRBS while coordinated by the CDC is administered by state health or education agencies. As a result data is either obtained from
CDC directly or from contacting state departments individually.
57For example, only 5 states appear in every year of the sample in the NYRBS and no state appears in every year in the SYRBS.
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YRBSS on depressed mood, suicide ideation, suicide plan and suicide attempt that give us some
signal about the underlying mental health of the teens.58 Little direct evidence exists for how well
these measures correlate with broader diagnostic measures (for e.g., a clinical screener in case
of depression), but there is considerable support for the reliability and validity of these items in
assessing the mental health of teens (Brener et al., 2002; May and Klonsky, 2011).59
Following recent YRBS studies in this area (e.g., Anderson et al., 2019), I create several
indicators of youth mental health. The outcomes of interest are based on the student’s response to
the survey items below:
“During the past 12 months, did you ever feel so sad or hopeless almost every day for
two weeks or more in a row that you stopped doing some usual activities?”
“Depression” is an indicator variable which is set equal to 1 if the respondent reports feeling so, 0
otherwise. In addition, I also investigate three other indicators of mental health based on suicidal
tendencies in adolescents. Besides the question on depression, the following questions have been
asked every year in the YRBS between 2005-2017.
“During the past 12 months, did you ever seriously consider attempting suicide?”
“During the past 12 months, did you make a plan about how you would attempt suicide?”
“During the past 12 months, how many times did you actually attempt suicide?”
Using student’s response to the above items, I create binary indicators for Suicide Planning and
Suicide Ideation respectively. Each indicator is set equal to 1 if a student responded with a “yes,” 0
otherwise. Suicide Attempt is set equal to 1 if the student reported attempting suicide at least once
in the past 12 months, 0 otherwise.
In addition, I utilize information on e-cigarette consumption which is only available in
the YRBS since the 2015 survey. In the years 2015 and 2017, two measures of e-cigarette use
are consistently available - if the student reports ever having used e-cigarettes and the number
of days in the past 30 days the respondent reports using e-cigarettes. From these measures, I
58While there are other national surveys that measure mental health of adolescents (e.g., the National Comorbidity Survey Adolescent (NCS-A),
the National Longitudinal Study of Adolescent Health (Add Health) and the National Longitudinal Study of Youth (NLSY)), the YRBS is the most
regularly collected and comprehensive data on mental health for this population (Miller et al., 2015). In fact, the YRBS has been used by several
recent studies that investigate youth mental health (e.g., Rees et al., 2020; Anderson et al., 2019)
59Specifically, these studies provide support by conducting a test-retest reliability of these items in the YRBS questionnaire and assessing the
convergent and discriminant validity of these items by comparing them to other similar measures of mental health.
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construct a measure of whether the teen is an Ever E-Cigarette User (equal to 1 if ever used e-
cigarettes; 0 otherwise), a Current E-Cigarette User (equal to 1 if used e-cigarettes in the last 30
days; 0 otherwise) and a Frequent E-Cigarette User (equal to 1 if used cigarettes more than 20
days in the last 30 days; 0 otherwise). Alongside e-cigarette use, I also use several measures of
traditional smoking. These include Current Smoker (equal to 1 if used cigarettes in the last 30
days; 0 otherwise); Frequent Smoker (equal to 1 if used cigarettes more than 20 days in the last
30 days; 0 otherwise) and Heavy Smoker (equal to 1 if used e-cigarettes all 30 days; 0 otherwise).
Between 2015-2017, about 18% of the full sample reports current use of e-cigarettes, 8% of the
full sample reports smoking, and 6% reports dual use of the two products.
Table 3.1, reports the means of the key outcome variables for the time periods before
(2005-2013) and after (2015-2017) e-cigarettes became available in the data and also relatively
more popular among teens. As shown in Panel I and II, between 2005-2013 (columns 1-4), 28%
of the sample reports having suffered from Depression in the past 12 months. About 15% report
Suicide Ideation in the past year and rates of Suicide Planning and Suicide Attempts are about 12%
and 8% respectively. Across all four outcomes, there is substantial difference observed by gender.
Females are far more likely to suffer from Depression compared to their male counterparts with
the rates being almost twice as high (35% vs 20%).60 Suicidal thoughts, plans and attempt rates
are also much higher among females vs males. The numbers reported in columns 5-8 for the 2015-
2017 period demonstrate a very similar pattern with the overall rates being relatively higher than
in the 2005-2013 period. Panels III and IV report the means of the four mental health variables by
traditional and e-cigarette use status. Across both periods, depression as well as suicidal behaviors
rates are the lowest among never smokers. In the 2005-2013 period, 36.7% of the ever smokers
report mental health problems compared to 43.4% of the current-smokers with the rates being
even higher among regular smokers (47.1%). A very similar trend is observed in the 2015-2017
period. A relatively lower percentage of e-cigarette users report mental health issues compared
to traditional cigarette users61 but similar to smokers, reporting rates tend to increase with the
60Recent analysis conducted by the Pew Research Center using data from the 2007-2017 National Survey on Drug Use and Health also finds
higher rates of depression among girls over boys (Geiger and Davis, 2019)
61This finding is consistent with evidence from cross-sectional studies (e.g., Wills et al., 2015; Leventhal et al., 2016; Conway et al., 2018)
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intensity of e-cigarette use.
3.4.2 E-cigarette Minimum Legal Sale Age Law
The key policy variable for this study, e-cigarette Minimum Legal Sale Age Law (MLSA) is an
indicator variable set to 1 if the state had a ban in effect anytime between April of the previous
survey year and March 31st of the current survey year, 0 otherwise.62 Appendix Table 3.1 shows
the list of states and their date of enactment of the e-cigarettes MLSA law. Figure 3.1 provides a
visual sense of the over-time changes in e-cigarette MLSA laws. After the first e-cigarette MLSA
ban went into effect in March 2010, 14 states had bans in effect by March 2013. An additional 11
states implemented the ban by March 2014, followed by 15 other states which had a ban in place by
March 2015. Only 4 states passed the law in 2016 with Michigan and Pennsylvania implementing
it only since it turned into a federal mandate starting August 8th 2016. By 2017, every state had a
ban in effect.
The study is split across two time periods. The primary empirical analysis includes data
from 2005-2015 while a secondary analysis is conducted between 2015-2017. Several factors
make it reasonable to explore the data in this way. For the primary analysis, I follow Dave et al.
(2019) which is appropriate as it includes a sufficient pre-treatment window and also avoids the
complications of the federal mandate in addition to the fact that all states had the law by 2017.
The secondary analysis is conducted because vaping questions became available in the YRBS only
since 2015. In addition to exploiting these questions, this period is also relevant since JUUL, which
has become the most popular and top selling brand among kids in the United States, was launched
in 2015.63 Moreover, during this period, the use of conventional cigarettes declined significantly
among teens whereas the use of e-cigarettes surpassed that of traditional cigarettes.
In context of the primary analysis that spans 2005-2015, Figure 3.2 illustrates the trends
in the four mental health outcomes before and after the law went into effect in the form of “un-
adjusted” event study plots. The treatment (control) group comprises of states which had (had
62This is done to be consistent with the fact that the survey is distributed to high school students every other year and in spring. Moreover mental
health outcomes in the YRBS span the last 12 months.
63JUUL’s market share started sky-rocketing in the mid-2017 and has shown a continuous upward trend since then (Bach, 2018)
107
not) adopted the law by March 2015. Following the approach taken by Dave et al. (2019), pseudo
adoption dates are assigned to the states in the control group. Specifically, each state is assigned
a randomly determined start date taking into consideration the actual distribution of start dates
among the treatment states. For both the treatment and control states, year 0 represents the first
survey year the e-cigarette MLSA laws turned on so that the years -10,..-4,-2 (2, 4) represent survey
years before (after) relative to year 0. The figure provides some visual evidence of the “parallel
trends” assumption. As shown in the figure, in case of all four mental health outcomes, trends
appear quite similar across the treatment and control states in the pre-policy period. Furthermore,
the figure also reveals an uptick in all outcomes except “Suicide Attempt” in the MLSA states one
wave post policy. While suggestive of a worsening impact of the law on teen mental health, this
analysis is only descriptive in nature and does not control for important observable and unobserv-
able confounding factors that may be driving these trends.64 In the section below, I discuss the
formal identification strategy to test for parallel pre-trends and disentangle the causal effect of the
regulation from possible confounders.
3.4.3 Empirical Strategy
Repeated cross-section individual level data is pooled from the National and State YRBS to es-
timate models using the standard DD framework. As mentioned earlier, I conduct two sets of
analyses in order to identify the effect of the e-cigarette MLSA policy on teen mental health. For
the primary analyses that spans the period 2005-2015, I study several of the states that passed the
law by March 2015 comparing them to states that did not pass the law over this time period. For
the secondary analysis (2015-2017), I study the effect of the law on states that had not passed the
law by March 2015 using states that had already passed laws as controls.
3.4.3.1 Primary Analysis (2005-2015): The empirical strategy for this period is very much in
the spirit of Dave et al. (2019). The following baseline specification is estimated for respondent i
64For instance, when controlling for state level time invariant heterogeneity, I find the uptick post policy to be much less prominent. The figures
are not reported here but available upon request.
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residing in state s and in year t:
Yist = β0 +β1E-cig MLSAst +β2Zst +β3Xist +λs + γt + εist (7)
where Yist is one of the four binary indicators of teen mental health. E-cig MLSAst, the key policy
variable of interest, is an indicator of whether state s had an MLSA law in place as of March in that
year. The vector Xist includes individual characteristics - age, gender, grade and race/ethnicity.65
I also control for several state level time varying observable characteristics Zst potentially corre-
lated with MLSA laws and the outcome(s) of interest. Zst includes an indicator for indoor vaping
bans, cigarette taxes, six indicators for smoke free air laws following Carpenter and Cook (2008)
and Hansen et al. (2017)), funds allocated for tobacco control, beer taxes, an indicator for recre-
ational marijuana laws (RMLs), student to counselor ratio, an indicator for anti-bullying laws, an
indicator for marriage equality or Same Sex Marriage (SSM) laws, minimum wage and teen un-
employment rate. Appendix Table 3.2 provides the definition and a detailed description of the state
level variables including their sources. λs and γt represent state fixed effects and year fixed effects
respectively. εist is a disturbance term. All models are estimated using Ordinary Least Squares
(OLS).66 Following previous YRBS studies (e.g., Anderson, 2010; Dave et al., 2019), state-year
population for the individual’s gender-age-race are used as weights.67
In the model outlined above, identification of β1 comes from within state changes in
MLSA adoption over time. For β1 to yield the causal effect of e-cigarette MLSA laws on youth
mental health, the parallel trends assumption must hold; i.e., trends in mental health outcomes
should not differ across treatment and control states in the pre-policy period. To explicitly test for
this assumption and also explore the dynamic effects of the policy, I modify the baseline specifica-
tion to examine “lead” (placebo), and “lagged” effects of the MLSA policy. Specifically, I convert
65Respondents younger than 14 years of age are dropped as they are extremely young for high school and are likely outliers.
66Alternative specifications (logit) are also explored. Results are similar and available upon request
67State-year population for the individual’s gender-age-race are obtained from SEERs - Surveillance, Epidemiology, and End Results Program -
a source for cancer statistics in the United States population
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the specification into a event study design as shown below in Equation 8.




β jDst+ j +β2Zst +β3Xist +λs + γt + εist (8)
Here, the key independent variable of interest, E-cig MLSAst is replaced with a set of
dynamic dummies for the before, contemporaneous and after treatment periods while other co-
variates remain unaltered. Dst is an indicator for whether the treatment got switched on in year
t. This estimates two or more leads and one or more lags of the treatment. Specifically, I include
an indicator for two or more survey years before enactment, an indicator for the year of the en-
actment, and an indicator for one or more survey years after enactment. One survey year before
enactment is the reference category.“Lags” capture the long term effects of the policy one or more
years after implementation. Given the nature of the outcomes, it is possible that the effect of the
policy accumulates over time. “Leads” capture the placebo effects of the law; i.e., if the law had an
effect in the years prior to its adoption. In other words, “Leads” reflects any remaining pre-existing
trends after controlling for possible time-varying factors that may affect the outcome variable of
interest. A statistically significant effect of the lead coefficients thus puts into question the validity
of the identification strategy or to put differently, the assumption of common trends. Unmeasured
spatial time shocks and state level time-varying heterogeneity are especially common threats to
identification as pointed out by Anderson et al. (2019) who study the mental health effects of SSM
laws using the YRBS. To address these concerns, I also estimate alternative specifications simi-
lar to Anderson et al. (2019) that augment Equation 7 and 8 with controls for census division by
year fixed effects and state specific time trends and check if their inclusion is necessary to satisfy
the assumption of common pre-trends. As a further validity check on the causal interpretation
of my estimates, following Dave et al. (2019), I conduct a natural placebo test that investigates
the effect of MLSA laws on respondents 18 years and older who should not be affected by the
implementation of a policy which is binding only on minors.
Past work has examined differential impacts of the MLSA policy by gender and grade
(e.g., Abouk and Adams, 2017; Dave et al., 2019). Additionally, the medical literature finds that the
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adverse and rewarding effects of nicotine on adolescent mental health can vary by gender (Elliott
et al., 2004; Torres et al., 2009). Therefore, I investigate any heterogenous effects of the policy
across gender and grade groups. In additional robustness checks, I also explore sensitivity of my
estimates to using alternative treatment variables. Specifically, I consider two different variations
of the main specification. Given the one year lagged nature of the outcomes, I estimate models that
define the treatment as the proportion of the past twelve months during which the ban was in effect
in a given state. In another specification, I replace the binary treatment variable with a continuous
measure defined as the number of months since a state enacted the law. This is also somewhat akin
to measuring a dose effect of the policy.
Recent econometric literature (e.g., Goodman-Bacon, 2019) has shown that the standard
DD regression framework where the treatment occurs at different times, the treatment effect is
the weighted average of all possible 2X2 DD estimators comparing different timing groups to one
another (early vs late adopters, early vs never adopters, late vs never adopters and late vs early
adopters). In this context, if the treatment effect grows over time, then the late vs early comparison
may bias the overall treatment effect downwards because treatment in early adopting states is
still growing when the late adopters enact their laws. While the event-study analyses should help
mitigate some of this concern, I perform a couple of supplementary checks to investigate this issue.
First, I modify the main specification to include interaction terms that allow the treatment effect to
vary by timing of adoption. Second, given that quite a substantial number of states adopted the law
in 2015 (see Appendix Table 3.1), the last year of the sample, I re-estimate the main specifications
dropping 2015 from the analysis. This excludes the problematic late vs. early (as well as vs. never)
DD estimators. Another insight from Goodman-Bacon (2019) is that the length of the panel can
inadvertently matter as it may dictate the weights - i.e., put more weight on some 2x2 sub-samples
than others (e.g., groups that get treatment in the middle receive most weight). Therefore I also test
robustness of my estimates to shortening the length of panel by excluding 2005 from the sample.
3.4.3.2 Secondary Analysis (2015-2017): An effect of e-cigarette MLSA laws on mental health
of teenagers is unlikely if they do not have an impact on their vaping behavior. Recall that while
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questions on youth mental health are consistently available in the YRBS between 2005-2015, ques-
tions on vaping have only been asked starting 2015. This makes it challenging to examine the first
order effects of the policy on e-cigarette use. Nevertheless, to explore the first stage effects in a
limited way, I conduct a secondary analysis for the period 2015-2017 when both behaviors (vaping
and mental health) are available.
The following specification is estimated for individual i, in state s, at time period t.
Yist = β0 +β1(Treated ∗Post)+β2Zst +β2Xist +λs + γt + εist (9)
In this setting, Yist is either a vaping (Current or Frequent Use of E-Cigarette) or mental health
outcome (Depression, Suicide Ideation, Suicide Planning or Suicide Attempt). Treated indexes
only those states that are exposed to treatment during this period, 0 otherwise. More specifically,
any state which enacted a ban anytime between July 1st of 2015 and March 31st of 2017 is con-
sidered a part of the treatment group.68 The variable Post indexes the period after treatment. β1,
the coefficient of interest that loads on interaction term is the treatment effect. All other covariates
remain unchanged.69. Additionally, I control for an indicator for state e-cigarette tax as several
states levied taxes on e-cigarettes over this time period. λs and γt representing state and time fixed
effects respectively. I analyze effects for the full sample and also report any heterogeneous effects
with respect to gender and grade.
As mentioned before, the law turned into a federal mandate over this period. While the
federal mandate would otherwise serve as a perfect natural experiment, all except two states al-
ready had the law by then leaving little variation available to identify the effects of the policy.
Nevertheless, I test robustness of the estimated effects to any differential impact of the federal
mandate. To test for any difference due to timing of enactment between the state and federal bans
within the biennial nature of the survey,70 I also report results from the specification that interacts
68The YRBS survey is usually given to high school students in the spring semester. To the extent that teens modify their current behavior in
anticipation of future changes in policy, there is a possibility that individuals in states that passed the law between April and June 2015 may have
been already treated. To tackle any anticipatory effect of the ban, New Mexico which passed the law in June 2015 is dropped from the analysis.
69However, when estimating models with substance use outcomes (vaping or smoking) as the dependent variable, I include fewer controls - those
typically used in the youth smoking and vaping literature (e.g., Friedman, 2015; Abouk and Adams, 2017; Dave et al., 2019.) Specifically, substance
use models control for the an indicator for indoor vaping bans, cigarette taxes, indicators for 6 smoke free air laws, funds allocated for tobacco
control, beer taxes, indicators for recreational marijuana laws (RMLs) and teen unemployment rate.
70All state enacted bans were already in place as early as January 2016 whereas the federal ban went in effect only on August 8th 2016.
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the treatment with the fraction of the last twelve month time window during which the policy was
in effect.
3.5 Results
I begin with estimating models for the primary analysis that spans the period 2005-2015 and then
turn to the secondary analysis conducted between 2015-2017. The main results of my analyses
appear in Tables 3.2 through 3.9. Only the effects of e-cigarette MLSA laws are reported in the
tables. The full set of results that include the estimated coefficients on the control variables are
reported only for the main models but available upon request for the rest.
3.5.1 Youth Mental Health: 2005-2015
Table 3.2 presents full sample estimates of the effect of e-cigarette MLSA laws on the four mental
health outcomes - Depression, Suicide Ideation, Suicide Planning and Suicide Attempt. Panel I re-
ports Difference in Difference (DD) estimates from the baseline specification (Equation 7). Results
suggest little evidence of any impact of the policy on youth mental well-being. All of the estimated
effects are statistically insignificant and small in magnitude. Panel II and III report estimates from
modified specifications that control for unmeasured geography-specific time varying heterogene-
ity. Specifically, Panel II includes census division by year fixed effects and Panel III adds state
specific time trends. Findings from these models exhibit a similar pattern to those found in Panel
I. Taken together, these estimates provide little support for any statistically significantly associ-
ation between MLSA laws and the likelihood of depression or suicide related behaviors among
adolescents.
In Table 3.3, I report estimates from a formal event study design (Equation 8) that tests
for any systematic differential pre-trends across treated and control states and also explores dy-
namic effects of the policy on youth mental health. Specifically, I replace E-cigarette MLSA with
a set of indicator variables which control for for two or more survey years before enactment (lead
effect), the survey year of enactment (contemporaneous effect) and one or more survey years after
enactment (lagged effect). One survey year before enactment is considered the reference category.
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Estimates in Panel I from the simplest specification that includes only state and year fixed effects
reflects some troubling evidence of pre-existing trends for two of the four mental health outcome
variables. More specifically, the pre-treatment indicator for 2 or more years prior to adoption is sta-
tistically significant for Suicidal Planning and Suicidal Attempt. However, augmenting the model
with census division by year fixed effects (Panel II) renders these coefficient estimates insignificant
warranting their inclusion in order to satisfy the assumption of common pre-trends. The magni-
tude of the lead effects are also substantially smaller. Although estimates in Panel II suggests no
contemporaneous effect of the policy during the year of enactment, there is some evidence of sig-
nificant adverse impact on youth mental health that occurs with a lag. Effects on mental health
more likely accumulate over time and also given that the measures capture the previous twelve
months, it is not surprising if they show up in the years post adoption. When adding state specific
time trends in Panel III, most of the lagged effects are even stronger and much larger in magnitude
than those found in Panel II. For instance, e-cigarette MLSA laws are associated with a statistically
significant 3.4 percentage point (pp) increase in self reported depression among youth compared
to a 0.8 pp increase (Panel I) one or more years after implementation. Full set of estimates from
this model are reported in Appendix Table 3.5
Given that e-cigarette MLSA restrictions only apply to minors, youth 18 years and above
serve as a natural placebo group since they should not be not affected by the policy. Therefore, as a
further sensitivity check, I investigate the impact of the law among these youth who are no longer
bound by the restriction (Appendix Table 3.3). However, in doing so, I also acknowledge a caveat
that makes this group less than perfect for a falsification exercise. To keep up with the biennial
structure of the YRBS and the twelve month window of the questions, E-cig MLSA in Equation
7 is turned on if the policy happened anytime between April of the prior survey year and March
of the current survey year. This suggests that the policy may have been active in the respondent’s
state of residence for up to almost 2 years prior to the survey year of enactment. Since the YRBS
does not disclose the exact birth date of respondents, some teens who are currently 18 or 19 may
have been exposed to the policy as minors. Moreover, unlike smoking or vaping questions that ask
teens about their behavior in the last 30 days, mental health outcomes span the past 12 months fur-
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ther adding to this possibility. Due to the cumulative (mental health) and habit forming (substance
use) nature of the outcomes under scrutiny, the effect of the policy gets complicated wherein past
exposure can have an impact on present behavior. Therefore a statistically weaker effect of the law
is perhaps more plausible than no effect on a group that is more a “psuedo control”. Recognizing
this drawback, I am careful with my assessment of the estimates in Appendix Table 3.3. In models
that control for census division by year fixed effects (Panel I), I find a statistically significant (but
negative) effect on depression in the main model which also shows up in the contemporaneous
period in the event history specification. The lead effect on this outcome is also statistically signif-
icant suggesting some evidence of pre-existing trends. Further, I find a significant lagged effect of
the policy on Suicidal Planning. These effects fade away when including state specific trends in
Panel II. 71
The exercises conducted so far reveal that specifications that additionally control for state-
specific linear time trends are preferable over those that do not. Time trends not only help capture
state-level time-varying unobservables correlated with MLSA adoption and the mental health out-
comes of interest, but also account for potential endogeneity concerning their adoption. However,
the main criticism facing their inclusion has been that they might absorb some of the time varying
treatment effects (e.g., see Goodman-Bacon, 2019) besides their potential for introducing other
types of bias (see discussion by Dave et al., 2019 p 427). Results from the above analyses sug-
gests little evidence of any contamination from including them in the model. Instead, most of the
estimated effects are stronger when controlling for time trends. Moreover, the falsification test
also reveals that models with state-specific time trends provide stronger evidence of common pre-
treatment trends. Therefore estimates from further robustness checks that appear in the sections
that follow are reported from models which include state specific time trends in addition to census
division by year fixed effects.
3.5.1.1 Heterogeneous Effects & Alternate Specifications :
71These results are available upon request. In four states AL AK NJ and UT, the minimum legal sale age for purchasing e-cigarettes has been
set to 19 instead of 18. Therefore the sample may include some 18 year olds who are still restricted from purchasing e-cigarettes. Nevertheless,
excluding these four states from the analyses doesn’t change the findings. Results are available upon request.
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Table 3.4 examines if there are heterogeneous effects of the policy by gender. The first
row in Panel I and II presents results from the baseline DD specification. While estimates from
the baseline model suggest little evidence of any impact by gender, conducting an event history
analysis reveals statistically significant positive effects of the policy on mental health outcomes
of both males and females one or more years after adoption. Though all four outcomes are sim-
ilarly effected in case of females, among males, effects are substantially stronger on depression.
Specifically, enactment of the law is associated with a 1.4 pp increase in depression in the con-
temporaneous period which grows to about a 4.7 pp in the lagged period. These effects are quite
substantial relative to a baseline mean of 19.43%. In Table 3.5, I investigate if the effect of the
policy differs by grade in school. Similar to gender, the baseline DD model yields weak effects
of the policy across both grade groups (see Panel I). However, the event history models in Panel
II again highlight some significant long run effects of the law on Depression and Suicide Ideation
among 9-10th graders and Suicide Planning among 11-12th graders.
Next I explore if my estimates are sensitive to the use of population weights. Results
from unweighted specifications are reported in Table 3.6. While the baseline DD estimates are
statistically insignificant as found in models with weights, estimates from event history analysis
are slightly stronger than those from the weighted specifications. In fact, I also find some sta-
tistically significant contemporaneous effects of the policy on Depression and Suicide Planning.
Nevertheless, overall findings being qualitatively similar suggest no significant differences due to
weighting. In Table 3.7, I evaluate the impact of the law using alternative treatment variables.
Results from these specifications are reported for the full sample as well as by gender and grade
groups. Panel I replaces E-cigarette MLSA in Equation 7 with the proportion of the year during
which the policy was in effect. Since the YRBS asks teens about their mental health behavior in
the past year, this variable captures more precisely any differential impact from intensity of expo-
sure in the last 12 months. Estimated effects from this specification are relatively stronger than
those from the base line model that uses a binary indicator. Moreover, some statistically significant
effects emerge by gender and grade. I find strong effects on Depression in males and Suicide Plan-
ning among 11th and 12th graders also observed in earlier models reported in Table 3.4 and 3.5. In
116
Panel II, I substitute E-cigarette MLSA with the number of months for which the policy has been
in effect since its enactment. For the full sample and across demographic groups, findings using
this continuous measure closely mimic the lagged effects from the event study analyses. This isn’t
surprising given that this variable is meant to capture any dose-response effect of the policy. Due
to the unit of measurement, estimated magnitudes are relatively smaller when compared to other
specifications.
3.5.1.2 Additional Sensitivity Checks :
In the presence of time varying treatment effects that grow over time, the earlier discussion
in Section 3.4.3.1 highlights the possible bias generated in the baseline DD specification (Equation
7) where the coefficient is estimated as a single post-treatment dummy (Goodman-Bacon, 2019).
To address this issue, I conduct some final diagnostic regressions on the baseline DD model. Since
bias from late vs early comparison is the main concern, I modify the baseline specification to
include interaction terms that allow for the treatment effect to vary by timing of adoption.72 This
specification investigates if the baseline DD estimates are being driven by any particular set of
adopters, in other words, the late adopters. Panel I in Appendix Table 3.4 reports the estimates from
this specification. Both the interaction effects and the baseline effect are statistically insignificant.
Fifteen states adopted the MLSA law between April 2014 and March 2015 who are potentially
the “problematic late adopters” in the sample. Therefore as an alternative check, I also explore
the sensitivity of my estimates to dropping 2015 from the sample (Panel II). Goodman-Bacon
(2019) suggests that there is some chance that the length of the panel may also dictate the weights
assigned to the 2X2 DD estimators. In Panel III, I re-estimate the baseline model to exclude 2005
from the sample.73 Again, in case of all four outcomes, these exercises seem to have little impact
on the treatment effects which are anyway weak in general. Results are by and large robust when
conducting these checks on specifications using alternative treatment variables that yield stronger
effects, reassuring their credibility. Finally, in presence of dynamic treatment effects, event study
72To be consistent with the biennial nature of the YRBS, I group the treatment states by 3 adoption periods – April 1st 2009 - 31st March 2011,
April 1st 2011 - 31st March 2013 and April 1st 2013 - 31st March 2015. April 1st 2009 - 31 st March 2011 is the reference category.
732005 is the only wave that adds to the pre-treatment window from the period prior to when e-cigarettes entered the U.S. market and can be
considered as a reasonable drop to shorten the length of the panel.
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models should be particularly helpful in detecting any issues through the estimated “lead” effects.
As seen from the analyses reported in Table 3.3, I am particularly careful in accounting for any
unmeasured time-varying shocks that may be potential threats to the validity of the identification
strategy.
3.5.2 Youth Mental Health 2015-2017
This section focuses on findings from the secondary analysis conducted over the period 2015-2017.
Due to the entry of the most sought after brand JUUL in the US market, the period 2015-2017
warrants special attention. Moreover, establishing the first order effect on e-cigarette use is crucial
to validate the underlying mechanism and also understand the magnitude of the estimated spillover
effects.74
Table 3.8 reports DD estimates from OLS models that investigate the first stage effects
of the MLSA policy on current and regular use of e-cigarettes. Estimates for the full sample sug-
gests that MLSA laws are associated with a statistically significant 5.7 pp decline in current use of
e-cigarettes. These findings are consistent with Dave et al. (2019) who also find a negative but rel-
atively weaker effect on vaping participation using the 2015 wave of the YRBS. Effects are similar
though much smaller in magnitude across the intensive margin with exposure to MLSA laws re-
sulting in a 1.1 pp reduction in regular use of e-cigarettes. Stratifying the sample by gender (Panel
II) results in effects that are larger and statistically stronger for males over females. Since preva-
lence of e-cigarette use is also higher among males, one would expect a larger impact on them.
Moreover some evidence that females are more successful in being able to access illegal products
as minors (see Abouk and Adams, 2017 p 22), could also contribute towards this difference. Dis-
secting by grade (Panel III) further reveals that across both intensive and extensive margins, 9th
and 10th graders are more strongly affected by the policy when compared to 11th and 12th graders.
These results contradict those of Abouk and Adams (2017), who use the 2014 Monitoring The Fu-
ture Survey (MTF) to explore effects of the policy on e-cigarette use by grade and finds a stronger
74The analysis for this time period may be more vulnerable to the Goodman-Bacon (2019) critique due to the “always treated” vs “never adopter”
comparison, i.e., if the treatment effect is growing over time as reflected in the earlier period (2005-2015), then “always treated” do not serve as
good controls. However this bias likely works against finding any effect of the policy.
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effect among underage 12th graders. Some of this discrepancy may be attributed to substantial dif-
ference between the two surveys (MTF & YRBS) in terms of both sampling technique and sample
sizes besides the differing time periods of analyses. Nevertheless, overall evidence indicates that
MLSA laws are effective in reducing e-cigarette use among teens. These findings thus add to the
existing body of work which has so far examined first stage effects using only a single cross-section
of data.
Next, I explore if e-cigarette MLSA laws have any unintended effects on youth mental
well-being over this time period (Table 3.9). Mirroring Table 3.8, results are reported for the full
sample as well as breakdowns by gender and grade. Consistent with the results of the analysis of
the previous period, estimates in Table 3.9 suggest an adverse effect of the policy on youth mental
health. Exposure to the policy increases Depression by a significant 3 pp and Suicide Attempt by
a significant 1.8 pp for the full sample. These effects translate into a substantial 21% and 10%
increase relative to the overall sample mean of 29.0% and 8.4% respectively. In terms of gender,
MLSA laws are associated with a significant increase in depression in both males and females.
Further, I find consistent evidence of strong effects on mental health of 9th and 10th graders, the
group whose vaping behavior is also more strongly affected by the policy.
To ensure robustness of the estimated effects to alternate specifications, I perform some
additional sensitivity checks. Table 3.10 reports results from these analyses for the full sample.75
The baseline specification does not account for the fact that the state law turned into a federal
mandate over this time period. Since the federal mandate yields variation that is likely more
exogenous compared to the state bans, Panel I tests for any differential effect of the federal law.
In other words, I decompose the treatment effect into two separate indicators (state vs federal) and
test if the coefficients on them are equal. “State Enacted” indexes states that enacted the policy
before the federal mandate and ”Federal Enacted” indexes the two states that didn’t get the law
until it became national. Estimates in Panel II suggest a slightly stronger impact of the federal
mandate on Depression but this difference is not statistically significant. However, the federal law
seems to have a differential effect on Suicide Ideation while most of the effects on Suicide Attempt
75Estimated effects are by and large robust even when slicing the sample by age and gender. Results are not reported here but available from the
author upon request.
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seem to be being driven by the state bans. To throw some light on any difference due to intensity
of exposure to state bans vs the federal mandate, Panel II replaces the binary treatment with the
proportion of the last 12 months during which the law was in effect. A statistically significant
increase in Depression and Suicide Attempt as found in the baseline specification remains robust
and similar in magnitude. Panel III, verifies robustness to models without weights and the results
are qualitatively similar. Following the earlier analysis, Panel IV conducts a falsification test by
limiting the sample to 18 or older. The results of this falsification are reassuring as there are
no statistically significant effects for this older group on the three outcomes (Depression, Suicide
Idealtion and Suicide Attempts) which yield statistically significant effects among minors.
The adverse effects on youth mental health reported here are only intent-to-treat (ITT)
effects. Only those who vape or whose vaping participation is affected by the policy are actually
treated by the policy. Therefore context of these magnitudes can be better understood by cal-
culating the possible Treatment-on-the-Treated (TOT) effects.76 For instance, assuming that the
treated teens are the ones who are current users of e-cigarettes, back of the envelop calculations
suggest substantial TOT effects of 0.17 on Depression and 0.10 on Suicide Attempt for the full
sample. However, considering only teens those whose vaping participation are affected, suggests
even larger numbers of 0.5 and 0.3 respectively.
3.5.3 Discussion
Several of the hypotheses discussed in the conceptual framework may play a role behind the ad-
verse effect of the MLSA policy on youth mental well-being. Given the rapidly rising rates of
depression and anxiety among U.S. adolescents, it is unsurprising that teens suffering from mental
distress or those diagnosed with mental health conditions may turn to e-cigarettes for a calming
“nicotine buzz” or other therapeutic benefits of nicotine. Thus, for adolescents vaping to self med-
icate or cope with mental distress, nicotine abstinence from losing access to e-cigarettes due to
the MLSA policies may exacerbate underlying conditions if they remain untreated. However, it is
possible that some teens switch to traditional cigarettes to meet their nicotine demand which may
76Suppose 15% of teens are vaping, the TOT effect if only current vapers are treated is (1/.15)*ITT effect. Similarly, if the treated teens are only
those whose vaping participation are affected, then the ITT effect is multiplied by 1/predicted change in the participation rate.
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mitigate the effects of the policy on mental health. The impact of the policy on regular smoking in
fact helps reconcile the different effects on mental health found over the two time periods.
Several of the hypotheses discussed in the conceptual framework may play a role behind
the adverse effect of the MLSA policy on youth mental well-being. Given the rapidly rising rates
of depression and anxiety among U.S. adolescents, it is unsurprising that teens with mental health
conditions may turn to e-cigarettes for a calming “nicotine buzz” or other therapeutic benefits of
nicotine. Thus, for adolescents vaping to self medicate, nicotine abstinence from losing access
to e-cigarettes due to the MLSA policies may exacerbate underlying conditions if they remain
untreated. However, it is possible that some teens switch to traditional cigarettes to meet their
nicotine demand which may mitigate the effects of the policy on mental health. The impact of the
policy on regular smoking in fact helps reconcile the different effects on mental health found over
the two time periods.
In the earlier period, vaping was relatively less common and teens were slow to adopt
e-cigarettes. As a result, the laws may have had an effect on a narrow slice of the teen population
that had already adopted e-cigarettes while they may have prevented the initiation of e-cigarettes
by other teens. Smoking rates were also much higher during this period making it more likely for
teens to substitute to traditional cigarettes (or stay with them). In fact, using the same data set and
time period, Dave et al. (2019) calculate TOT effects that suggest MLSA laws may cause three out
of every ten teens to switch to smoking. Analyses from the current study reported in Panel I of
Appendix Table 3.6 supports this evidence. Thus, it is possible that MLSA laws didn’t really bite
until 2014 when e-cigarettes gained popularity. The 2015-2017 period witnessed the explosion
in popularity of the highly addictive pod based e-cigarette - JUUL. Despite the decline in youth
prevalence of e-cigarette use reported by the CDC over this period,77 Huang et al. (2019) find that
retail sales of e-cigarettes, particularly JUUL, increased substantially between 2015 and 2017.78
As vaping became more attractive and wide spread among teens, the policy is more likely to have
77Recall that according to evidence from National Youth Tobacco Survey conducted by the CDC, between 2015 and 2016, e-cigarette use declined
from 16.0% to 11.3% among teens.
78The authors point out a couple of factors that may explain this discrepancy. One possibility is that the amount and frequency of e-cigarette
consumption may have increased among those already using e-cigarettes. Additionally, the possible failure or inadequacy of existing surveillance
systems to track the use of JUUL and other emerging products could further contribute to this difference. As the authors note, nationally repre-
sentative tobacco surveys do not ask specific questions about JUUL or other new tobacco products and many teens who vape do not identify as
e-cigarette users.
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affected existing vapers than prevented initiators. Smoking rates dropped really low (far below
vaping rates) and impact of the policy along the smoking participation margin was also much
weaker (Appendix Table 3.6 Panel II). These factors taken together could explain the stronger
effects on mental health found in the latter period vs the modest effects observed in the earlier
period.
Besides self medication or coping response, other mechanisms may also be at work. If
bans increase attempts to quit among addicted teens, specifically those who decide to go “cold
turkey” could suffer severe withdrawal symptoms, at least in the short-run.79 This mechanism
suggests an immediate effect of the policy and that this effect would be more prominent in the
latter period because more teens were likely to be vaping. Adverse effects of the policy on mental
health are also consistent with the other stories of habit formation (i.e., behavioral side to addiction)
and social isolation.
3.6 Conclusion
The significant increase in depression and suicidal behaviors among U.S. adolescents over the
last decade, coincides with the remarkable rise in teen vaping. Given the well-documented link
between mental illness and substance abuse, several recent studies outside of economics have ex-
plored if there exists a link between mental health and vaping behavior of teens. While most of
these studies support a strong negative association between the two behaviors, none establish a
causal connection. Using repeated cross-section, individual level data from the national and state
Youth Risk Behavior Surveys, my research exploits across and within state changes in e-cigarette
MLSA laws over time to identify exogenous changes in e-cigarette use and mental health. I find
little evidence that a policy induced reduction in e-cigarette use improves mental well-being of
teenagers. Instead, I find considerable evidence of an overall adverse impact of the MLSA policy
on youth mental health. Between 2005-2015, the adverse effects are especially observed in the
lagged period (one or more years post adoption). While both gender and grade groups are signifi-
79Advanced vaping products may deliver similar or much higher doses of nicotine compared to regular cigarettes making it as hard or even harder
to quit (Paul, 2019; Belluz, 2019).
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cantly affected, I find that strong effects of the policy on depression in males and suicide planning
among 11th and 12th graders are noticeably robust across specifications. During 2015-2017, MLSA
laws are specifically associated with a significant increase in the likelihood of depression and sui-
cidal attempts. Full sample estimates suggest a 3 pp increase in depression and 1.8 pp increase in
suicidal attempts among teenagers which translate into TOT effects that are also substantially large.
These findings are primarily consistent with the self medication hypothesis or use of e-cigarettes as
a coping strategy though other avenues such as effects of nicotine withdrawal, habit formation and
social isolation may explain them. In addition to finding effects on mental health, my analysis also
verifies first stage effects of the policy on e-cigarette use over this time period. For instance, MLSA
laws are associated with a statistically significant 5.7 pp decline in current use of e-cigarettes.
The long-term and short-term health effects of e-cigarettes are largely unknown and to
date remain a subject of ongoing research. Therefore interventions targeting these products are
being designed on the basis of growing but partial evidence. A primary reason for restricting
the sale of e-cigarettes to minors is the rising concern regarding addiction as they may serve as
a “gateway” towards the use of other addictive substances. Most of the discussion related to the
public health impact of e-cigarette MLSA laws has therefore revolved around the spillover effects
of the policy on youth substance use, particularly regular cigarettes. Evidence from the current
research sheds light upon plausible unintended consequences of the policy on other non-substance
use outcomes such as declining mental well-being, causing us to revisit the public health impact
of these laws which are not quite straight-forward. For instance, it is important to consider if
vaping regulations targeted towards minors are having a differential impact on certain vulnerable
populations such as teens suffering from acute mental distress or those diagnosed with psychiatric
illness who may be vaping to self medicate or cope with mental distress. These individuals exhibit
much higher rates of tobacco use than the general population and therefore may be distinctly
susceptible to the use of e-cigarettes especially due to some of its perceived beneficial effects (for
e.g., lower health risk relative to regular cigarettes, a potential smoking cessation aid). Moreover,
there is also some evidence that vaping products are being marketed differently among this sub-
group (specifically as means to manage negative symptoms of mental health (see Cummins et al.,
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2014; Hefner et al., 2016)). At the very least, it is critical to examine if these factors may be causing
emerging e-cigarette restricting policies such as MLSA laws to aggravate mental health disparities
of this priority population. If so, then particular attention is warranted towards those with mental
health conditions when developing such policies (see an interesting thread in support of this view
– Burke, 2016). These findings also point towards the need for more supporting resources (e.g.,
helplines or evidence based counseling sessions) for teens to tackle such short-term effects on
mental health. In general, while diverse concerns may be often difficult to address, policymakers
will need to weight the short-term health costs against long-term public health benefits in order to
accurately asses the effectiveness of vaping related regulations on minors.
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Figure 3.1: Electronic Cigarette Minimum Legal Sale Age Adoption Over Time
(a) 2010 (b) 2011
(c) 2012 (d) 2013
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(e) 2014 (f) 2015
(g) 2016
Notes: States are shaded in red if E-cigarette MLSA policy was in effect at any point during the indicated year.
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Figure 3.2: Trends in Mental Health Outcomes in the Treatment vs Control States - 2005-2015
(a) Depression (b) Suicide Ideation
(c) Suicide Planning (d) Suicide Attempt
Notes: Illustrates the trends in the four mental health outcomes before and after the e-cigarette MLSA
law went into effect in the form of “unadjusted” event study plots. For both the treatment and control
states, year 0 represents the first survey year the e-cigarette MLSA laws turned on so that the years -
10,..-4,-2 (2, 4) represent the survey years before (after) relative to year 0. Following Dave et al. (2019),
pseudo adoption dates are assigned to the states in the control group taking into consideration the actual
distribution of start dates among the treatment states. Sample is restricted to youth below 18yrs. State-
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 3.2: Estimated Effects of E-Cigarette MLSA on Youth Mental Health:
2005-2015
Difference in Difference (DD) Estimates Using Combined National and State YRBS
Suicide Suicide Suicide
Depression Ideation Planning Attempt
(1) (2) (3) (4)
Panel I: Main Model
E-cigarette MLSA .002 .005 .004 .003
(0.28) (0.66) (0.75) (0.81)
Panel II: Including Census Division by Year F.E.
E-cigarette MLSA -.006 -.003 .002 .002
(-1.20) (-0.56) (0.46) (0.43)
Panel III : Including Census Division by Year F.E. & State Specific Time Trends
E-cigarette MLSA .001 -.004 .004 -.001
(0.16) (-0.66) (0.67) (-0.33)
N 775,401 732,858 716,652 603,982
Notes: Each column within each panel represents results from a separate OLS regression.
All models control for individual characteristics such as age, gender, race, grade and state level factors that
include indoor vaping bans, state cigarette tax rate, 6 indoor air laws, state beer tax rate, an indicator for
RML laws, student to counselor ratio, an indicator for anti-bullying laws, an indicator for SSM laws, state
minimum wage rate and teen unemployment rate plus state and year fixed effects.
Analysis restricted to teens below 18yrs.
State-year population for the individual’s gender-age-race from SEER’s data files are used as weights.
t-statistics in parentheses are based on robust standard errors adjusted for clustering at the state level.
*, ** and *** denote statistical significance at the 10, 5 and 1% level.
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Table 3.3: Policy Leads & Lags of the E-Cigarette MLSA: 2005-2015
Difference in Difference (DD) Estimates Using Combined National and State YRBS
Suicide Suicide Suicide
Depression Ideation Planning Attempt
(1) (2) (3) (4)
Panel I: Main Model
2 or more years before .005 .009 .007** .012**
(0.57) (1.42) (2.12) (2.04)
1 year before (ref.) – – – –
E-cigarette MLSA year of enactment .002 .006 .006 .007
(0.31) (0.76) (1.13) (1.55)
I or more years after .008 .014** .011** .007*
(0.91) (2.36) (2.40) (1.73)
Panel II: Including Census Division by Year F.E.
2 or more years before .003 -.0004 .003 .0003
(0.69) (-0.11) (0.61) (0.09)
1 year before (ref.) – – – –
E-cigarette MLSA year of enactment -.005 -.003 .003 .001
(-1.02) (-0.57) (0.74) (0.22)
I or more years after .008* .010 .012 .010*
(1.71) (1.22) (1.44) (1.71)
Panel III: Including Census Division by Year F.E. & State Specific Time Trends
2 or more years before .0008 -.0008 .003 .006
(0.18) (-0.19) (0.57) (1.21)
1 year before (ref.) – – – –
E-cigarette MLSA year of enactment .006 -.0007 .006 -.0008
(0.87) (-0.11) (1.07) (-0.17)
I or more years after .034*** .018** .020* .008
(3.01) (2.06) (1.88) (0.91)
N 775,401 732,858 716,652 603,982
Notes: Each column within each panel represents results from a separate OLS regression.
”year” refers to survey year.
”1 year before” is the reference category.
All models control for individual characteristics such as age, gender, race, grade and state level factors that include indoor
vaping bans, state cigarette tax rate, 6 indoor air laws, state beer tax rate, an indicator for RML laws, student to counselor ratio,
an indicator for anti-bullying laws, an indicator for SSM laws, state minimum wage rate and teen unemployment rate.
Analysis restricted to teens below 18yrs.
State-year population for the individual’s gender-age-race from SEER’s data files are used as weights.
t-statistics in parentheses are based on robust standard errors adjusted for clustering at the state level.
*, ** and *** denote statistical significance at the 10, 5 and 1% level.
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Table 3.4: Heterogenous Effects of E-Cigarette MLSA by Gender: 2005-2015
Difference in Difference (DD) Estimates Using Combined National and State YRBS
Suicide Suicide Suicide
Depression Ideation Planning Attempt
(1) (2) (3) (4)
Panel I: Females
E-cigarette MLSA -.006 -.005 .001 -.0009
(-0.70) (-0.61) (0.17) (-0.16)
2 or more years before -.001 .001 .003 .002
(-0.20) (0.23) (0.51) (0.26)
1 year before (ref.) – – – –
E-cigarette MLSA year of enactment -.001 -.001 .004 .001
(-0.11) (-0.17) (0.69) (0.18)
I or more years after .029* .024* .025* .026**
(1.86) (1.74) (2.01) (2.44)
N 402,270 380,847 371,324 318,086
Panel II: Males
E-cigarette MLSA .009 -.002 .006 -.002
(1.08) (-0.44) (0.93) (-0.43)
2 or more years before .003 -.003 .003 .012*
(0.64) (-0.78) (0.50) (1.98)
1 year before (ref.) – – – –
E-cigarette MLSA year of enactment .014* .0005 .007 -.003
(1.80) (0.14) (1.15) (-0.58)
I or more years after .041*** .015** .018 -.010
(3.55) (2.16) (1.52) (-1.10)
N 373,131 352,011 345,328 285,896
Notes: Each column within each panel represents results from a separate OLS regression.
”year” refers to survey year.
”1 year before” is the reference category.
All models control for individual characteristics such as age, gender, race, grade and state level factors that include indoor
vaping bans, state cigarette tax rate, 6 indoor air laws, state beer tax rate, an indicator for RML laws, student to counselor
ratio, an indicator for anti-bullying laws, an indicator for SSM laws, state minimum wage rate and teen unemployment
rate plus state fixed effects, year fixed effects, census division by year fixed effects and state linear time trends.
Analysis restricted to teens below 18yrs.
State-year population for the individual’s gender-age-race from SEER’s data files are used as weights.
t-statistics in parentheses are based on robust standard errors adjusted for clustering at the state level.
*, ** and *** denote statistical significance at the 10, 5 and 1% level.
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Table 3.5: Heterogenous Effects of E-Cigarette MLSA by Grade: 2005-2015
Difference in Difference (DD) Estimates Using Combined National and State YRBS
Suicide Suicide Suicide
Depression Ideation Planning Attempt
(1) (2) (3) (4)
Panel I: 9th-10th grade
E-cigarette MLSA .001 -.006 .003 .0007
(0.01) (-0.82) (0.55) (0.12)
2 or more years before -.003 .001 .004 .007
(-0.45) (0.20) (0.58) (1.05)
1 year before (ref.) – – – –
E-cigarette MLSA year of enactment .008 -.002 .005 .001
(1.05) (-0.31) (0.80) (0.21)
I or more years after .053*** .021** .017 .009
(4.07) (2.33) (1.38) (0.73)
N 469,585 448,690 436,669 366,097
Panel II: 11th-12th grade
E-cigarette MLSA .005 .001 .005 -.004
(0.55) (0.20) (0.79) (-0.72)
2 or more years before .006 -.005 -.0006 .006
(0.96) (-1.16) (-0.13) (1.14)
1 year before (ref.) – – – –
E-cigarette MLSA year of enactment .004 .004 .008 -.003
(0.56) (0.75) (1.26) (-0.58)
I or more years after .006 .019 .029** .010
(0.43) (1.55) (2.16) (1.12)
N 302,599 283,231 276,837 234,985
Notes: Each column within each panel represents results from a separate OLS regression.
”year” refers to survey year.
”1 year before” is the reference category.
All models control for individual characteristics such as age, gender, race, grade and state level factors that include indoor
vaping bans, state cigarette tax rate, 6 indoor air laws, state beer tax rate, an indicator for RML laws, student to counselor
ratio, an indicator for anti-bullying laws, an indicator for SSM laws, state minimum wage rate and teen unemployment
rate plus state fixed effects, year fixed effects, census division by year fixed effects and state linear time trends.
Analysis restricted to teens below 18yrs.
State-year population for the individual’s gender-age-race from SEER’s data files are used as weights.
t-statistics in parentheses are based on robust standard errors adjusted for clustering at the state level.
*, ** and *** denote statistical significance at the 10, 5 and 1% level.
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Table 3.6: Unweighted Models: 2005-2015
Difference in Difference (DD) Estimates Using Combined National and State YRBS
Suicide Suicide Suicide
Depression Ideation Planning Attempt
(1) (2) (3) (4)
E-cigarette MLSA .008 -.002 .008 -.002
(1.22) (-0.57) (1.59) (-0.29)
2 or more years before -.002 .0004 -.001 -.002
(-0.56) (0.07) (-0.29) (-0.30)
1 year before (ref.) – – – –
E-cigarette MLSA year of enactment .012* .0004 .012** -.0001
(1.84) (0.10) (2.21) (-0.02)
I or more years after .033*** .020** .033*** .018**
(3.66) (2.29) (3.15) (2.09)
N 775,401 732,858 716,652 603,982
Notes: Each column within each panel represents results from a separate OLS regression.
”year” refers to survey year.
”1 year before” is the reference category.
All models control for individual characteristics such as age, gender, race, grade and state level factors that include indoor
vaping bans, state cigarette tax rate, 6 indoor air laws, state beer tax rate, an indicator for RML laws, student to counselor ratio,
an indicator for anti-bullying laws, an indicator for SSM laws, state minimum wage rate and teen unemployment rate plus state
fixed effects, year fixed effects, census division by year fixed effects and state linear time trends.
Analysis restricted to teens below 18yrs
t-statistics in parentheses are based on robust standard errors adjusted for clustering at the state level.
*, ** and *** denote statistical significance at the 10, 5 and 1% level.
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Table 3.7: Alternative Treatment Variables: 2005-2015
Difference in Difference (DD) Estimates Using Combined National and State YRBS
Suicide Suicide Suicide
Depression Ideation Planning Attempt
(1) (2) (3) (4)
Panel I: Proportion of past 12 months with a ban in effect
Full Sample .013** .001 .011* .003
(1.78) (0.26) (1.81) (0.60)
Females .007 . 001 .008 .004
(0.78) (0.17) (1.24) (0.67)
Males .021** .002 .014* .002
(2.32) (0.44) (2.00) (0.33)
9th and 10th .014 .0005 .007 .003
(1.68) (0.08) (1.11) (0.42)
11th and 12th .015 .005 .017** .004
(1.49) (0.80) (2.08) (0.65)
Panel II: # of months since enactment of ban
Full Sample .0009*** .0005** .0006** .0003
(2.74) (2.36) (2.18) (1.26)
Females .0008 .0008** .0008*** .0006*
(1.67) (2.28) (2.73) (1.95)
Males .001*** .0003 .0005 .0001
(2.83) (1.56) (1.53) (0.28)
9th and 10th .001*** .0006** .0004 .0001
(3.27) (2.58) (1.29) (0.62)
11th and 12th .0004 .0004 .001** .0006*
(0.95) (1.32) (2.58) (1.91)
Notes: Each cell represents results from a separate OLS regression.
For # of observations per behavior and by subgroup see Table 3, Tables 4 and Table 5.
All models control for individual characteristics such as age, gender, race, grade and state level factors
that include indoor vaping bans, state cigarette tax rate, 6 indoor air laws, state beer tax rate, an
indicator for RML laws, student to counselor ratio, an indicator for anti-bullying laws, an indicator
for SSM laws, state minimum wage rate and teen unemployment rate plus state fixed effects, year
fixed effects, census division by year fixed effects and state linear time trends.
Analysis restricted to teens below 18yrs.
State-year population for the individual’s gender-age-race from SEER’s data files are used as weights.
t-statistics in parentheses are based on robust standard errors adjusted for clustering at the state level.
*, ** and *** denote statistical significance at the 10, 5 and 1% level.
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Table 3.8: Estimated First Stage Effects of E-Cigarette MLSA
on Youth E-cigarette Use: 2015-2017
Difference in Difference (DD) Estimates Using Combined National and State YRBS
Current E-Cigarette Use Frequent E-Cigarette Use
(1) (2)
Treatment X Post -.057** -.011
(-2.15) (-1.67)
N 326,213 326,213
Panel I: By Gender
Female




Treatment X Post -.073*** -.024**
(-2.80) (-2.43)
N 157,636 157,636
Panel II: By Grade
9th & 10th Graders
Treatment X Post -.074*** -.017***
(-2.89) (-3.15)
N 194,511 194,511
11th & 12th Graders
Treatment X Post -.029 .0002
(-0.89) (0.02)
N 131,355 131,355
Notes: Each column within each panel represents results from a separate OLS regression.
All models control for individual characteristics such as age, gender, race, grade and state level
factors that include indoor vaping bans, an indicator for state e-cigarette tax, state cigarette tax rate,
6 indoor air laws, state beer tax rate, an indicator for RML laws and teen unemployment rate plus
state and year fixed effects.
Treated indexes only states exposed to treatment, 0 otherwise. The variable Post indexes periods
after treatment.
Analysis restricted to youth below 18yrs
State-year population for the individual’s gender-age-race from SEER’s data files are used as weights.
t-statistics in parentheses are based on robust standard errors adjusted for clustering at the state level.
*, ** and *** denote statistical significance at the 10, 5 and 1% level.
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Table 3.9: Estimated Effects of E-Cigarette MLSA
on Youth Mental Health: 2015-2017
Difference in Difference (DD) Estimates Using Combined National and State YRBS
Suicide Suicide Suicide
Depression Ideation Planning Attempt
(1) (2) (3) (4)
Treatment X Post .030** .013 .001 .018**
(2.47) (1.09) (0.09) (2.50)
N 354,183 319,045 309,289 228,781
Panel I: By Gender
Female
Treatment X Post .038** .021 .005 .011
(2.16) (1.09) (0.32) (1.61)
N 182,676 165,024 159,512 119,313
Male
Treatment X Post .019** .004 -.006 .024
(2.13) (0.34) (-0.57) (1.35)
N 171,507 154,021 149,777 109,468
Panel II: By Grade
9th & 10th Graders
Treatment X Post .047*** .022** .007 .018**
(2.89) (2.05) (0.50) (2.07)
N 211,644 190,188 185,510 139,065
11th & 12th Graders
Treatment X Post -.004 -.006 -.012 .016**
(-0.19) (-0.24) (-0.41) (2.14)
N 142,157 128,518 123,444 89,497
Notes: Each column within each panel represents results from a separate OLS regression.
All models control for individual characteristics such as age, gender, race, grade and state level factors
that include indoor vaping bans, an indicator for state e-cigarette tax, state cigarette tax rate, 6 indoor
air laws, state beer tax rate, an indicator for RML laws, student to counselor ratio, an indicator for anti-
bullying laws, an indicator for SSM laws, state minimum wage rate and teen unemployment rate plus
state and year fixed effects.
Treated indexes only states exposed to treatment, 0 otherwise. The variable Post indexes period after
treatment.
Analysis restricted to youth below 18yrs
State-year population for the individual’s gender-age-race from SEER’s data files are used as weights.
t-statistics in parentheses are based on robust standard errors adjusted for clustering at the state level.
*, ** and *** denote statistical significance at the 10, 5 and 1% level.
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Table 3.10: Estimated Effects of E-Cigarette MLSA on Youth Mental Health – Robustness and
Sensitivity Analyses: 2015-2017
Difference in Difference (DD) Estimates Using Combined National and State YRBS
Suicide Suicide Suicide
Depression Ideation Planning Attempt
(1) (2) (3) (4)
Panel I: Differential Effect of the Federal Mandate
State Enacted X Post .028** .007 -.002 .027***
(2.11) (0.65) (-0.19) (6.47)
Federal Enacted X Post .033*** .021* .005 .005
(3.03) (1.87) (0.52) (1.13)
F-Stat of H0: βState Enacted X Post=βFederal Enacted X Post 1.69 4.34** 4.66** 38.60***
(p-value) (.200) (.043) (.036) (.000)
Panel II: Proportion of the Past 12 Months with a Ban in Effect
Treatment X Post .030** .009 -.001 .025***
(2.15) (0.76) (-0.10) (5.10)
Panel III: Unweighted
Treatment X Post .040** .008 .002 .011
(2.60) (0.55) (0.15) (0.99)
N 354,183 319,045 309,289 228,781
Panel IV: Falsification – Limited to 18 years and Older
Treatment X Post .003 .020 .032* .030
(0.14) (1.15) (1.79) (1.52)
N 36,493 31,845, 31,420 28,199
Notes: Each column within each panel represents results from a separate OLS regression.
All models control for individual characteristics such as age, gender, race, grade and state level factors that include indoor vaping
bans, state cigarette tax rate, 6 indoor air laws, state beer tax rate, an indicator for RML laws, student to counselor ratio, an indicator
for anti-bullying laws, an indicator for SSM laws, state minimum wage rate and teen unemployment rate plus state and year fixed
effects.
State Enacted and Federal Enacted indexes only those states that exposed to state and federal law respectively, 0 otherwise. The
variable Post indexes period after treatment.
All analysis restricted to youth below 18yrs
State-year population for the individual’s gender-age-race from SEER’s data files are used as weights.
t-statistics in parentheses are based on robust standard errors adjusted for clustering at the state level.




Table A3.1: E-Cigarette MLSA Adoption: 2005-2017
State Effective Date State Effective Date
New Jersey March 12, 2010 Louisiana May 28, 2014
Utah May 11, 2010 West Virginia June 6, 2014
New Hampshire July 31, 2010 Delaware June 12, 2014
Minnesota August 1, 2010 Florida July 1, 2014
California September 27, 2010 Georgia July 1, 2014
Colorado March 25, 2011 Iowa July 1, 2014
Tennessee July 1, 2011 South Dakota July 1, 2014
Wisconsin April 20, 2012 Virginia July 1, 2014
Idaho July 1, 2012 Ohio August 2, 2014
Kansas July 1, 2012 Connecticut October 1, 2014
Alaska August 22, 2012 Missouri October 10, 2014
Maryland October 1,2012 Oklahoma November 1, 2014
New York January 1, 2013 Rhode Island January 1, 2015
Wyoming March 13, 2013 New Mexico June 9, 2015
South Carolina June 7 , 2013 Maine July 4, 2015
Hawaii June 27, 2013 North Dakota August 1, 2015
Indiana July 1, 2013 Massachusetts September 25, 2015
Vermont July 1, 2013 District of Columbia October 1, 2015
Mississippi July 1, 2013 Nevada October 1, 2015
Washington July 28, 2013 Texas October 1, 2015
Alabama August 1, 2013 Montana January 1, 2016
North Carolina August 1, 2013 Oregon January 1, 2016
Arkansas August 16, 2013 Michigan August 8, 2016
Arizona September 2013 Pennsylvania August 8, 2016
Illinois January 1, 2014
Nebraska April 9, 2014
Kentucky April 10, 2014
Notes: Source-Dave et al. 2019 (Appendix Table 1 in the paper). The indicator for ENDS MLSA is coded






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A3.3: Falsification Tests - Estimated Effects of E-Cigarette MLSA
on Youth 18yrs or Older: 2005-2015
Difference in Difference (DD) Estimates Using Combined National and State YRBS
Suicide Suicide Suicide
Depression Ideation Planning Attempt
(1) (2) (3) (4)
Panel I: Including Census Division by Year F.E.
E-cigarette MLSA -.025*** -.006 .006 -.002
(-3.12) (-0.87) (0.95) (-0.37)
2 or more years before .017** -.0003 -.002 -.001
(2.02) (-0.06) (-0.40) (-0.20)
1 year before (ref.) – – – –
E-cigarette MLSA year of enactment -.021** -.006 .005 -.002
(-2.41) (-0.81) (0.91) (-0.42)
I or more years after -.012 -.010 .020* -.001
(-0.89) (-0.95) (1.76) (-0.14)
Panel II: Including Census Division by Year F.E. & State Specific Time Trends
E-cigarette MLSA -.015 -.006 .005. -.007
(-1.48) (-0.47) (0.45) (-0.92)
2 or more years before .013 -.003 .004 .017**
(1.38) (-0.92) (0.49) (2.41)
1 year before (ref.) – – – –
E-cigarette MLSA year of enactment -.012 -.007 .008 -.009
(-1.26) (-0.61) (0.64) (-1.20)
I or more years after .018 -.019 .033 -.016
(1.03) (-1.16) (1.27) (-0.92)
N 98,418 93,927 93,278 80,341
Notes: Each column within each panel represents results from a separate OLS regression.
”year” refers to survey year.
”1 year before” is the reference category.
All models control for individual characteristics such as age, gender, race, grade and state level factors that include indoor
vaping bans, state cigarette tax rate, 6 indoor air laws, state beer tax rate, an indicator for RML laws, student to counselor ratio,
an indicator for anti-bullying laws, an indicator for SSM laws, state minimum wage rate and teen unemployment rate.
State-year population for the individual’s gender-age-race from SEER’s data files are used as weights.
t-statistics in parentheses are based on robust standard errors adjusted for clustering at the state level.
*, ** and *** denote statistical significance at the 10, 5 and 1% level.
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Table A3.4: Additional Sensitivity Checks Based on Insights
from Goodman-Bacon (2019) Interpretation of DD Estimator: 2005-2015
Difference in Difference (DD) Estimates Using Combined National and State YRBS
Suicide Suicide Suicide
Depression Ideation Planning Attempt
(1) (2) (3) (4)
Panel I: Heterogeneous Effects by Timing of E-Cigarette MLSA Adoption
E-cigarette MLSA .008 .011 .016 .005
(0.57) (0.58) (1.07) (0.38)
2010-2011 Adoption*E-cigarette MLSA (ref.) – – – –
2012-2013 Adoption*E-cigarette MLSA .002 .020 -.021 -.016
(0.13) (-1.04) (-1.15) (-1.01)
2014-2015 Adoption*E-cigarette MLSA -.015 -.015 -.012 -.003
(-0.90) (-0.75) (-0.71) (-0.20)
N 775,401 732,858 716,652 603,982
Panel I: Dropping 2015 from sample
E-cigarette MLSA .012 -.004 .005 -.005
(1.31) (-0.47) (0.63) (-0.92)
N 583,378 559,301 548,581 480,704
Panel II: Dropping 2005 from sample
E-cigarette MLSA -.001 .001 .001 .001
(-0.12) (0.16) (0.17) (0.23)
N 676,651 641,361 617,933 515,745
Notes: Each column within each panel represents results from a separate OLS regression.
All models control for individual characteristics such as age, gender, race, grade and state level factors that include indoor vaping bans,
state cigarette tax rate, 6 indoor air laws, state beer tax rate, an indicator for RML laws, student to counselor ratio, an indicator for
anti-bullying laws, an indicator for SSM laws, state minimum wage rate and teen unemployment rate plus state fixed effects, year fixed
effects, census division by year fixed effects and state linear time trends.
Analysis restricted to teens below 18yrs.
State-year population for the individual’s gender-age-race from SEER’s data files are used as weights.
t-statistics in parentheses are based on robust standard errors adjusted for clustering at the state level.
*, ** and *** denote statistical significance at the 10, 5 and 1% level.
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Table A3.5: Complete Estimates - Main Model: 2005-2015
Difference in Difference (DD) Estimates Using Combined National and State YRBS
(Table 3.3 Panel III) Depression Suicide Ideation Suicide Planning Suicide Attempt
(1) (2) (3) (4)
2 or more years before .0008 -.0008 .003 .006
(0.18) (-0.19) (0.57) (1.21)
1 year before (ref.) – – – –
E-cigarette MLSA year of enactment .006 -.0007 .006 -.0008
(0.87) (-0.11) (1.07) (-0.17)
I or more years after .034*** .018** .020* .008
(3.01) (2.06) (1.88) (0.91)
State Controls
Indoor Vaping Ban -.018* .002 .002 -.012**
(-1.78) (0.21) (0.22) (-2.27)
Cigarette Tax .006 .004 .006* .001
(1.25) (1.27) (1.67) (0.33)
Private Sector Building Bans -.029 -.029** -.036*** -.011
(-1.46) (-2.18) (-2.91) (-1.00)
Government Building Bans .010 -.001 -.016*** -.025*
(1.41) (-0.35) (-3.52) (-1.93)
Restaurant Bans -.005 .004 .028*** .010
(-0.77) (0.41) (3.84) (1.47)
Shopping Area Bans .016 .006 .00001 -.008
(0.99) (0.56) (0.00) (-1.11)
Public School Bans .017** .025*** .016** .026***
(2.24) (3.03) (2.10) (2.55)
Private School Bans -.008 .015 .019 .012
(-0.55) (1.39) (1.36) (0.95)
Funds Allocated for Tobacco Control -.001 -.0002 -.001 -.0002
(-0.35) (-0.11) (-0.50) (-0.13)
Beer Tax -.024** .007 .009 -.009
(-2.55) (1.02) (0.87) (-0.79)
Recreational Marijuana Laws -.014 -.018 -.027 -.030**
(-0.63) (-0.67) (-1.38) (-1.99)
Student to Counselor Ratio .006*** -.0003 .0004 -.00003
(3.22) (-0.12) (0.14) (-1.53)
Anti-Bullying Laws .006 -.006** -.008** -.006*
(1.63) (-2.47) (-2.07) (-1.74)
Marriage Equality Laws .004 .005 -.002 -.016 ***
(0.45) (0.69) (-0.30) (-3.22)
Minimum Wage .004 -.006* -.002 .0003
(1.10) (-1.79) (-0.60) (0.10)
Teen Unemployment Rate .001** -.0001 .0001 .00001
(2.64) (-0.14) (0.51) (0.02)
Table continues on following page.
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Table A 3.5 (Continued) Complete Estimates - Main Model: 2005-2015
Difference in Difference (DD) Estimates Using Combined National and State YRBS
Depression Suicide Ideation Suicide Planning Suicide Attempt
(1) (2) (3) (4)
Individual Controls
15yrs .032*** .015*** .010*** .016***
(10.65) (5.46) (3.85) (10.26)
16yrs .066*** .027*** .022*** .035***
(14.21) (5.63) (5.56) (16.66)
17yrs .086*** .035*** .028*** .047***
(11.47) (6.48) (5.30) (15.08)
Males -.161*** -.089*** -.061*** -.046***
(-37.82) (-18.24) (-18.96) (-8.31)
Black .003 -.017*** -.011*** .021***
(0.64) (-5.27) (-3.88) (6.80)
Other Race/ Ethnicity .059*** .013*** .016*** .034***
(8.78) (3.25) (4.63) (8.44)
10th grade -.020*** -.015*** -.012*** -.024***
(-7.12) (-6.70) (-6.54) (-15.50)
11th grade -.046*** -.033*** -.030*** -.052***
(-8.08) (-8.38) (-9.57) (-20.05)
12th grade -.075*** -.050*** -.042*** -.071***
(-12.75) (-8.89) (-10.17) (-17.46)
Other/Under grade -.011 .046** .018 -.0007
(-0.32) (2.23) (0.61) (-0.02)
N 775,401 732,858 716,652 603,982
Notes: All models control for state fixed effects, year fixed effects, census division by year fixed effects and state
specific time trends.
t-statistics in parentheses are based on robust standard errors adjusted for clustering at the state level.
*, ** and *** denote statistical significance at the 10, 5 and 1% level.
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Table A3.6: Descriptive Models of E-Cigarette Use
on Youth Mental Health for Full Sample (Mimicking Chadi et al., 2019):
2015-2017
OLS Estimates Using Combined National and State YRBS
Suicide Suicide Suicide
Depression Ideation Planning Attempt
(1) (2) (3) (4)
Current E-Cigarette Use .161*** .121*** .108*** .110***
(32.88) (18.74) (30.39) (26.01)
N 335,320 301,717 295,725 217,152
Notes: Each column represents results from a separate OLS regression.
All models control for individual characteristics such as age, gender, race, grade and state level factors that include
indoor vaping bans, state cigarette tax rate, 6 indoor air laws, state beer tax rate, an indicator for RML laws, student
to counselor ratio, an indicator for anti-bullying laws, an indicator for SSM laws, state minimum wage rate and teen
unemployment rate plus state and year fixed effects.
Analysis restricted to youth below 18yrs
State-year population for the individual’s gender-age-race from SEER’s data files are used as weights.
t-statistics in parentheses are based on robust standard errors adjusted for clustering at the state level.
*, ** and *** denote statistical significance at the 10, 5 and 1% level.
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Table A3.7: Estimated Effects of E-Cigarette MLSA
on Youth Smoking





E-cigarette MLSA .017*** .010*** .009***
(4.25) (2.86) (3.33)
N 757,226 757,226 757,226
Panel II: 2015-2017
Treatment X Post -.004 .007*** .007***
(-0.45) (3.32) (5.82)
N 348,880 348,880 348,880
Notes: Each column within each panel represents results from a separate OLS regression.
All models control for individual characteristics such as age, gender, race, grade and state level
factors that include indoor vaping bans, an indicator for state e-cigarette tax (only in models
from Panel II) state cigarette tax rate, 6 indoor air laws, state beer tax rate, an indicator for
RML laws and teen unemployment rate plus state and year fixed effects.
Analysis restricted to youth below 18yrs
State-year population for the individual’s gender-age-race from SEER’s data files are used as
weights.
t-statistics in parentheses are based on robust standard errors adjusted for clustering at the state
level.
*, ** and *** denote statistical significance at the 10, 5 and 1% level.
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CONCLUSION
In their attempts to reduce tobacco use among teens, policy makers may overlook po-
tential unintended negative consequences of tobacco control regulations on related health
behaviors in teenagers. My research provides evidence on unwanted indirect effects of two
specific regulations —- cigarette taxes and e-cigarette MLSA laws on adolescent health.
The overall findings from this research have several implications.
First, recognizing undesirable spillover effects of a policy is important as they
might mitigate the benefits for which the policy is specifically designed, in this case, to
curb youth tobacco use. Findings from my first two essays that cigarette taxes may have the
unintended consequence of reducing teen physical activity or increasing EWCB diminish
the long-term and short-term health benefits of reduced smoking.
Second, in case of relatively newer interventions such as e-cigarette policies, in-
formation on spillover effects are especially helpful for an effective cost-benefit analysis
of such policies. In this context, evidence from my third essay which suggests a possibility
of differential effects of the MLSA policy on vulnerable populations such as those suffer-
ing from mental distress or diagnosed with mental illness is especially relevant. Given
that e-cigarette regulations are being designed on the basis of accumulating evidence, my
findings help assess the overall effectiveness of emerging regulations such as MLSA laws
and guide future policy decisions in this area.
Third, my findings also advocate the need for tobacco control policies to be ac-
companied by other polices designed to counteract the spillover effects to related behav-
iors. To negate effects on physical inactivity, enhanced P.E. requirements or public health
initiatives such as Let’s Move! may be particularly helpful whereas restricting OTC dietary
supplements and laxatives or evidence based interventions targeting obesity prevention in
schools may help curb EWCBS in adolescents.
Finally, investigation into spillover effects of tobacco policies also reveals the
need to address behaviors that have been long neglected in the public policy agenda such
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as EWCBs. That we find these behaviors respond to any public policy, suggest that they
deserve more attention than they have received so far from policy makers.
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